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(54) Secondary battery and manufacturing process therefor 

(57) A secondary battery comprising a negative 
electrode (504 in Fig. 5) and a positive electrode (505) 
which oppose to each other, and an lonfcally conductive 
structure (501) which includes a layer or columnar con- 
struction (ion channels 502) in its matrix (503) and 
which is sandwiched between the negative electrode 
(504) and the positive electrode (505). 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 



Th. „r„«nt invention relates to a secondary battery having an Ion conducfivB member, and a manufacturing 
pTeLtKS^ 

attributed to the repetition of charge and discharge is suppressed. 
Related Background Art 

rooMl Since the quantity of carbon dioxide gas contained m the atmosphere is recently Increasing, the *«rnhgof 
rSth fe ^^o^se due to the greenhouse effect It has therefore become difficult to build anew a thermal 
!L^r o r^^ernte*ecarbon dioxide gas in large quantities. In this regard, for the purpose of effectively utilizing 

Se ; ^XXaXSe^ve .ectrode of a secondary betterywas re^^OURKAl 
OFTHE ^EC^OcSlCAL SOCIETY 117. 222 (1970)' Since then, by way of example, "^y tottery ol 
rr^rm chair tvoe. i e. a so-called Tithium ion battery" has been developed wherem a carbonaceous matenal is 
^ed a^ a^a^^e active material, while an interlayer compound doped with lithium ions is employed as 

Ec S S^and-discharge reactions) based on lithium icns. such as ^r*iurn-ion sender, r tottery 
TneXe when i the battery is overcharged, the solvent is decomposed to produce carbomc acdgas rr^n^arbonete 
1^ S SrikS riojnal state by a recombination reaction. It is accordingly apprehended that the electrolyte 

TLrge prevent circuit, a PTC (Pos«ve Temperature Coefiident) efcmant ^ ™*«™ ™™ eS *° 
rise ol temperature, or the like. This contrivance, however, forms a factor for Increase ,n cost. 
KX bSZ in order to solve the drawbacks of the decomposition «d MMon fJ^J^f^^ 
L secondary battery which utilizes the ctorge-andKiischarge reactions ^^f^.^,^ JJ! £ 
5609974 has proposed a secondary battery which adopts a sotid polymer electrolyte, obtained in such a way mat 
monomers ofthWtypes a Sate type, a monoacryiate type, and an acrylate type Mudng a carbonategroup are 
^SX~rg« sCvent and a supporting aiec.ro.y.e. and in ^J^^S 
WTZZ ,r« reJLivelv aoolied to a negative electrode and a positive electrode. The solid polymer electrolyte. 
St ZSSSb* 1/4 as compared with that of a «quid electrolyte in which a *ip- 

K performance to the utmost has been required also of a higr^ertorrnance alkaline storage battery (secondary 
battery) which uses a hydrogen-occlusion alloy or the like for a negative electrode. 

SUMMARY OF THE INVENTION 

10008] The present invention has been made in view of the problems stated above, and H has for its object to provide 
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anelectrotyta for use in a secondary battery, which is immune against deterioration and decomposition in the charge- 
ar^dscharge reactor* of the secondary battery, and a novel secondary battery which employs the electrolyte. 
{00091 The first mode of the present invention consists in a secondary battery wherein an ion conductive member is 
»™?"{ f^T ^ Posifive eiectrode and a negative electrode which are disposed in opposition to each other, char- 
?TZ? J*?_, T ~n*«*ve member has its ion channels oriented so as to have a higher ionic conductivity in 
a drecucn of joining a plane of sad positive electrode and that of said negative electrode Herein, the secondary battery 
™f JST* COrtrtVanC8 wh8reln Mid M conductive m ember has a layered structure or a columnar structura 

T^^lTZi'^f 6 * th9 ^!!! nt ^ °" in a V*** for ^"^3 a secondar >' tetter y wherein an 

ion conducfcve member is arranged between a positive electrode and a negative electrode which are disposed in oppo- 
sition to each other, characterized by orienting ion channels of said ion conductive member so that said ion conductive 
^JTT TL^T 00nductivity in 8 direeton of i« nin 8 a Plane of said positive electrode and that of said 

XSZ?!^1Z5 th !f°!i eSS . ** producing 5econdar y battery shall cover a contrivance wherein said ton 
conductive member is endowed with a layered structure or a columnar structure. 

^ uct ^ me ^ er ^ institutes the secondary battery according to the present invention, can 
£.?£S£L * co,umnar 'n ««t case, ton conducting paths (the ton channels) along which 

tte migrating distances of ions become substantially the shortest are formed in a direction parallel or perpendicular to 
t JSSfJSS!Z Str ^ Ther !^ th9 *"* conducti ^ <* fe ^ conductive member becc^thehighes. 
J? ^ 8 conducttve mernber «hM» an anisotropic cmJuctivity. In this regard, according to fhesec- 
ondary battery of the present invention, the direction in which the ionic conductivity of the ion conductive member is 
T!!Jf br0U8ht . int0 agreement with the direction which is perpendicular to the planes of the negative and positive 
electrodes oppoang to each other. Thus, the secondary battery of the present invention can have its internal resistance 

lT™A^l^r ed ^ b !!!f 9ed "* tflSChar38d 31 a "'8"* and a higher current than in any sec- 

ondary battery which does not adopt the ion conductive member of such a structure 

I^LL n !^ 0n, , the ^ C °" dU ? iVe member 0Mhe "ayered or columnar structure should preferably be a polymer gel 
etoctrolyte which is formed m such a way that a polymer serving as the matrix of the specified structure bowed to 
absorb an electrolyte solution (a solution obtained by dissolving a supporting electrolyte in a solvent). 

I Zl a J^ P ' O !!S,^ PrOdUCin0 J a baHery in 016 S6Cond mode 01 *• P resent M ™ «" be performed 

J? tfT*! J"^ l0 " COnduCtlV0 member to 1,6 sandwiched between the negative and positive electrodes is 
KnCSlvnt^tK "TT !T Ura 71,6 i0n fefabri^ed in sucr^y t rTa croll 

Z^ y JT 08 , layered 0r columnar strucftJre is ^ared and is thereafter caused to absorb an elec- 

^ Jtn 1^ Z i™ 64 "**^*™" ^al having the layered or columnar structure Is prepared in the pres- 
ence of an elecfrolyte The cross-linked polymer material having the layered or columnar structure can be obtained in 
£ S5t e r toeJ " " 8 aOS ^ inWno P 0 *™ are ^ a regular arrangement by at least one cper- 

fi^^l * ^ 6rei *l n *» resu,tr,a •»•«*» are cross-linked. Alternatively, the polymer of the speci- 

en^v^n thT^ < wl'!^ a < T ay ' 3 """P 0 "" 0 " wnicn has a "»lecular structure serving as a ternplate is 
employed in the operation of preparing the cross-linked polymer. 

BRIEF DESCRIPTION OF THE DRAWINGS 



Figs. 1 A and IB are schematic views each showing an example of an ion conductive member which is adopted for 
the present invention; 

Flfl !i senematic vlews ,or gaining the structure and operation of an ion conductive member which 

16 adopted for the present invention; 

figs. 3A and 3B are schematic views tor explaining the structure and operation of an ion conductive member in the 

REM tea schematic view showing another example of an ion conductive member which is adopted for the present 

Fig. S is a schematic view showing the structure of a secondary battery according to the present invention- 
Fig. 6 is a sectional view showing an aspect of a coin-type battery of the present invention- 
Fig. 7 is a sectional view showing an aspect of a cyfindrical battery of the present invention; 
?an V,8W Sh ° Winfl aS/Stemwhichservesto measure "W**™ o< an ion conductive member 



Fig. 9 is a schematic view showing a system for preparing a polymer gel electrolyte as serves to verify the aniset- 
ree/ of the tome conduction of an ton conductive member in an embecfimenf * 
Fig. 1 0 Is a schematic Mew showing an image which was obtained when an ion conductive member (a polymer gel 
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electrolyte) in Experiment 2 was observed with an electron microscope; and 

Ros. 11 Aand 1 1B are schematic views each showing an image which was obtained when an ion conductive mem- 
ber (a polymer gel electrolyte) in Experiment 4 was observed with the electron microscope. Rg. HAPisa partially 
enlarged view of Fig. 11 A. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[00151 Now. the aspects of performance of the present invention wffl be described with reference to the drawings.^ 
[0016] First, ion conductive members having a layered structure or a columnar structure as can be employed for the 
secondary battery of the present invention will be explained with reference to Figs. 1 A and 1 B. 
[00171 Figs. 1 A and 1B are perspective views each showing the schematic sectional structure of the ion conductive 
member 101 in the shape of a sheet by way of example. The structure 101 '"f*^ A |^f*^"^*^ 
or layered structure has grown In a direction perpendicular to the plane ol the sheetlike lonically-conduchve struchva 
On the other hand, the structure 101 in Rg. 1B is such that the layered structure has grown in a director, parallel to the 
plane of the sheetlike tonfcaDy- conductive structure. With the ion conductive member shown in Fig. 1A or Fig. 1B. ion 
conducting pains (ion channels) along which the migrating distances ol ions become substantially the shortest are 
formed in a direction parallel or perpendicular to the layered or columnar «^*J hOT ^^?™ ^J££2 
the ton conductive member becomes the highest In the paths, and the ion conducttvemember exhibite ^an^ropte 
conductivity. In the secondary battery of the present invention, the ion conductive member havmg ^layered strudure 
or columnar structure as shown in Rg. 1 A or Rg. IB. which should preferably have a thickness of 500 urn orbelow. 
more preferably a thickness of 100 um or below, and the ionic conductivity of which is higher in adirecton perpendicular 
to the planes of a negative electrode and a positive electrode, may be sandwiched between the negalive and positive 

electrodes which oppose to each other. _ , , „„,„ 

[0018] The ion conductive member having the layered structure or columnar structure can be fabricated by preparing 
a cross-linked polymer which has the layered or columnar structure and which absorbs an electrolyte solution (a solu- 
tion obtained by dissolving a supporting electrolyte in a solvent). In addition, the layered or columnar 
cross-linked polymer can be attained in such a way that molecules constituting a cross-linking polymer are arrayed into 
a regular arrangement by at least one operation selected from the group consisting of irradiation with light the apphca- 
tfonof a magnetic field, the application of an electric field, and heating, or that molecules constituting a cross-linking 
polymer are arrayed using a template. Mentioned as an example of such an ion conductive member is a |)olymer mate- 
rial of the specified structure (a polymer gel electrolyte) which has been brought into a gelatinous state by absorbing an 
electrolyte solution in which a supporting electrolyte such as lithium salt is dissolved in an organic solvent. In *.sexam- 
ple. H is possible to form the ion conductive member whose ionic conductivity in the direction of the higher ionic conduc- 
tion exceeds, at least, 3 x 10" 8 Scrrr 1 or 5 x 10 3 Son" 1 . 

[00191 Alternatively, the ion conductive member having the layered structure or columnar structure can be formed «n 
such a way that, under the application of an electric field and/or a magnetic field, an inorganic oxide such as ionlcalry 
conductive glass is vapordeposited with a cluster ion beam or electron beam or bysputtenng. . - „. 

[0020] Next, the features ol an anisotropic ionically-conductive structure will be explained with reference to Rga ZA 
and 2B and Figs 3A and 3B. Rg. 2A is a schematic view showing the ion conductive member 201 . In the matrix 203 of 
the ion conductive member 201 . ion conducting paths (ion channels) 202 being the shortest are so formed that they are 
arrayed, namely, oriented in a direction parallel to the layered or columnar structure or in a direction P«^^ ar *° 
the layered structure. Here in the illustration of Fig. 2B. the ion conductive member 201 . in which the direction of the 
shortest ton-cortfucting paths (ion channel agrees wim a direction perpendicu^ 
and 205. is arranged between the electrodes 204 and 205, and these electrodes 204 and 205 are connected to a supply 

rattlf ^^other hand, in an ion conductive member 301 shown in Rg. 3A. ion conducting paths (ion channels) 
302 are formed in random directions within the matrix 303 of the structure 301 . In the illustration of F.g^3B. the ion con- 
ductive member 301 is arranged between electrodes 304 and 305. which are connected to a supply vottage source30S. 
[0022] When the ion conductive members 201 and 301 respectively shown in Rg. 2B and Rg. 3B are compared, the 
channel length of the former 201 in the direction in which the ion charmed 202 are ™^K s ^*!*f^««^™ 
that of the latter 301 . Therefore, in a case where, on condition that the numbers of ions and the mobilities thereof mthe 
ion conductive members 201 and 301 are the same, an electricfield is applied across the ion conductive members 201 
and 301 (between the electrodes 204 and 205. and between the electrodes 304 and 305) so a* jo cause the ions to 
rrigrate in the directions In which the ion channels 202 and 302 are oriented, an electric field intensity (appl ed volt- 
age/channel length) becomes higher to afford a higher migrating tonic velocity ((mobility of ions) x (electnc Held inten- 
sity)), in the ion conductive member 201 of the shorter ion channels corresponding to the pr^ent invention. Herein, 
since the ionic conductivity of each structure at issue enlarges in proportion to the concentration of the ions and the 
migrating velocity thereof, the ion conductive member 201 exhibits a higher ionic conductivity. Besides, in the ion con- 
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£JE 201 sh ?" n m Fl8S - W and 2B ' *• ***** to " *■»"* «• in the direction perpendicular to 

^T^rr? 6leClr0deS ' • nd *• COnducfiyi, y in ^ * s^ecth^y higher Lr 

direction. Therefore, the ton conductive member 201 exhibits an anisotropy in ion conduction. * 

!2L Jot.l!!!?^ r th9f aSP6Ct * ^ COnductt/e <" the present invention. The ton conductive 

toSToSSlnn^ 8 15 TIT 9 * 8 ^ Utfi " 9 8 ,ar98 nurt5W d 8"™*' ionioconducfion etements^ 
rh^,f J? ^ 6l5 316 re ° Ulariy arranfled 8 ^ ered ° r columnar structure 403. Since the shortest ton 
SSTS ^X-* Certaln drecti0n ™ fcrmed ln 0« tonioconducon element aSSSS- 
£Z£S£.T T*!*^ ■ attained as all the granular iortc-conducfion elements 402. Incidentally, 
- SXE^ Mf"?-?** bWsupthe 9ranula ' ionic-conduction elements 402. An organic p^gela 
S^^T^ 6 98 (< T eXamp ' 6 ' 8ranula ' 89103 9el >' orthe "te «n be employed tor the gLSto 
ton element 402J7,e granular ionic-conduction elements 402 can be worked into the shape Va layer « nWa 
tTJZ^ 3 P°' ye ^ ene ^^^^ resi " 88 * binder. Besides. In a case wherVSe matrixoTth" 
r^T^ T T * 8 Cr0SS " Bnked Po^mer materia!, these events 402 can be proces^S, 

the shape of a film or sheet by a processing method such as calendering P'^essea into 

m to H?J J5 f^T " SeCO " da0r battefy °* Pf68ert i " Ven,i0n w! " be schemalicaDy explained with refer- 
,n fdSn^ an Wn C00duct,V9 member 501 having the shortest ion channels 502. which are arrayed 

T?^£ fJ??J™*T" T" 1 *? as shown in Fig. 1A. Fig. 1Bor Fig. 2A, is sandwiched between the negative 
i^J?JZ££T2 5051 *" 016 reSUltin9 6trUCture te in a battery jar 0^53 

!T f^ 8 8eC0 1 ndary ^ »0 is a square battery whose section in a direction ncVmal to the 
22 ^S? rectangular. Terrranals 507 and 508 tor external connection are respectively connected to the negative 
6 T the P0Sitive e,ectrode 50S - and *V are connected to an externa] load £T£w^rce K 

secondary battery 500 thus constructed, the ion conductive member 501 employed has its dZESE orient 
0r , 0 °' umnar structure in <he direction perpendicular to thep^nes of the opposing neSrvTeSe 

t^tfi b6C0me the sh0rte6t ' 30(1 "» substantial migrating velocity thereof heightens, so that the 
impedance of the secondary battery is tower. It is therefore possible to realize the secondary baflerTwhtoh « 
f„ h r^f 1 ^^ r9eda,hi3her «'' Ten,densfties . arxJ which hasahighercharge-and^rgeeS^ncf 
toTle^bl^ 

SeC ° ndary batt8ry 600 Sh0W " in *' ,i9urs ' 80 ion conduc *™ merger 601 is sarx^ched 
3 6leC,r0de 604 indudin9 605 <>" a collector 60S ar^Se 

££L b T.f 8,6 ^ 8,0,19 8 layer8d ° r Cdu,war • , ™*" and •«* are arrayed in a «ta2£J. 

m^asi 0 ^ 

^„ £ ^ ""5 '^."tl 8 or R 9- «*■ •» matrix 603 being oriented in adirecBon perpendicular to the planes 

o!ihXaSe n cS^^ 

rr ecLc,the W e C ^r^^^ 

H Su* secondary battery 600 is charged by connecting an unshcwn externa, power source to the input/output 
termnals, and .t accumulates electricity owing to electrochemical reactions (the migrates of ions betweeTthe etec^ 

the .np^output termnals, electrochemical reactions (the migrations of ions between the electrodes) ariseTowh the 
ion conductive member 601 Inside the battery, and the battery is discharged ; ° UQh lhe 

In^fL* 6 "HIT. ? * he battery 8hOW " " r,a - 5 " acco,tiin 9 to ,ne battery, the characteristics of the ton 

t^lrtT^^J* 6 ^**™ 1 ^*^** 01 ions between tnenegative electrode and ^ 
^1^*°^ hei 9hten the substantial migrating velocity of the ions, ft is therefore possible torea^e the 

*tf" eond *»f« 601 sandwiched between the electrodes is a solid structure or a solidified 

T a T^^ ,ndU ? ,n9 8 ^ eledro,yte between ^ erodes, accordS the 

de^LS^f 9088 * leate0B ^ " ^ o< the damage of the sheathng malenal 610 25 *e 
decorrpoatlon of a solvent .n the electrolyte on the occasion of overcharge is suppressed Therefore, a saletvmecha 

^"fn^, Can bB reP,8Ced 8 Simp * e C,rcu,t M"**"- t»««y can have rts shS 

Se of a ^S ^ r " n ' m,Ze ^ inSta " at '° n 6paCe0,a P £W6r ^ in ^ appltoation'thereof to the pcT 
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[00301 By the way. the single pair of electrodes; the positive electrode 607 and the negative electrodeKM 
n the aspect of the sheeBite battery shown in Fig. 6. ft is also possWe, however, to <^*J^^^^; 

m which a plurality of pairs of electrodes are disposed to forma ^^^"^ 
to-negative elacfrode/ton conductive merrfeer/positive efectrodeficn conductive merrberMeg^^edrc^^ 
ducfive member/positwe electrode', and In which cell units each consisting d ^J^^^f^^^r^T a 
n^ernberybositive electrode" are connected in parallel or in series inside to ^^^ te ™P^ 
cell urritsTch consisting of the "negative election ^^l^ e '^ s J^\ B Z^^nTTa 
battery housing of a battery in a shape as will be staled later, such as a coirvshaped battery, a cylindrical battery or a 

square battery. . 

[0031) Now. mergers constituting the secondary battery of the present invention and processes tor producing them 
win be described in detail. 

1 . ION CONDUCTTVE.MEMBER (101 shown In Fig. 1 A and 1 B, 201 shown In Figs. 2A and 2B, 501 shown in Fig. 5. or 
601 shown in Fig. 6): 

[00321 The ion conductive member for use in the secondary battery of the present invention can have alayenrfstruc- 
Ereo a columnar structure. In the case of such a configuration, ion conducting paths (ion channels along whch the 
Xa^clsta^esoflonsbec™ 

nar structure or in a direction perpendicular to the layered structura Therefore, the ionic ranductrvrryrt the ic^ cond^- 
tive member becomes the highest in the paths, and the ion conductive merrt^ exhibits an 

secondary battery of the present invention can be constructed in such a way that the ion conducts member, wh^ch has 
to fcyered strucLe or columnar structure and whose tonic conductivity is higher in aj SrecSor ' P***^' ^±1 
planes of a negative electrode and a positive electrode opposing to each other, is sandwiched between the negative 

STS SSEXtZ inductive mentor having the Payered sfructure or columnar structure tor use in the 
present Mention may be any of. tor example, an organic or inorganic gelatinous polymer and an .on.cally conductive 
K^which is endued with a specified molecular orientation. In addrtion. to glass transftor, tenperatur. of 
melon conductive mentor for use in to secondary battery of the present invention 

or below, more preferably be minus 30°C or below, rraich more preferably be minus 50-C or below. The £lass ^ansiton 

temperature can be found by to thermal analysis of a measurement based on a compressive load method employing 

a thermomechanical analyzer, a measurement employing a differential scanning calorimeter or the 

[0034] The process for producing the ton conductive member made from a polymer gel wdl now be explajnec I abou^ 

pSLaee^lesofaprocess^^ 

ered structure or columnar structure is filled with an electrolyte (electrolyte solution), that is, a structure which contams 
a polymer gel electrolyte. 

(a) There are mixed, at least a monomer which forms a polymer by a polymerizing reaction, a 

which forms a polymer gel. and a compound which has a molecular structure semng as a template. Next, the 
Sy^gread^ 

aoss-iinked polymer having a layered or columnar structure. In the preparation of the <^-**P«™" "* 
ven. is mixed as may be needed. Subsequently, the resulting cross-lmked polymer .s caused to <^*£ «y 
an electrolyte solution in vmichasupporting ele^eisdisso^ 

trotyte. tf possible, the compound for the template should desirably be removed after the preparation of to cross 
Spdy^AHarr^^Dorymer-gel ionically-conductive structure fiBed with to electrolyte solution may well 
be fabricated at a stroke by adding to electrolyte solution before to polymerizing reaction. 

(b) There are mixed, at least a polymer material, a solvent which dissolves the rhymer, a crow-lrntar« agerrt^ and 
. compound which has a molecular structure serving as a template. Next, a cross-linkmg reaction is « 
result^ mixed solution, thereby to prepare a cross-rmked polymer having a layeredor <"^«^* 
n ,.enttv the oreoared cross-Finked polymer is caused to absorb and carry an electrolyte solution in which a support- 



should destably be removed after the preparation of the cross-linked polymer. Alternatively t . 

conductive structure filled with to electrolyte solution may well be fabricated at a stroke by addmg the electroryte 

solution before to cross-linking reaction. 

The ion conductive member made from the polymer gel as fabricated in to above exanpte (a) or (b) can be 
directly brought into the shape of a film or a sheet by fixing it to a supporting material such as unwoven fabric :cr by 
utilizing a technique such as casting. On this occasion, it is preferable thai the columnar structure.* layered struc- 
Le grows in a direction perpendicular to to plane of to tarn or sheet (in the direction of the th^ess of to fBm 
or sheet) or tot the layered structure grows In a direction parallel to to plane of the film or sheet. Thus, it sdesr- 
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(c) The preparation of the cross-linked polymer in the process of the above example (a) or (b) is performed by sus- 
pension polymerization or emulsion polymerization so as to obtain a granular cross-linked polymer. Alternatively 
the cross-linked polymer produced by bulk polymerization is pulverized so as to obtain a powdery cross-finked pol- 
ymer. Thereafter, the obtained granular or powdery cross-linked polymer of the layered or columnar structure is 
doped with an electrolyte solution so as to prepare a paste, and a supporting member is coated with the pasta, 
whereby an ionically-conductive structural layer of polymer gel electrolyte can be formed. Also, an tonicaffy-conduc- 
tive structural layer of polymer gel electrolyte can be formed in such a way that the granular or powdery cross-linked 
polymer is mixed with another polymer and a solvent for dissolving the other polymer, so as to prepare a paste, that 
a supporting member is coated with the paste so as to form a complex layer containing the cross-linked polymer 
and that the complex layer is thereafter caused to absorb an electrolyte solution. Mentioned as typical examples of 
the polymer for the compiaxatton are f luoroplastics such as polyvinyfidene fluoride: poiyoielin such as polyethylene 
or polypropylene; polyehtylene oxide; polyethylene glycol: and polyacrytonMe. 

By the way. in order to enhance a mechanical strength, the ion conductive member explained above can be 
reinforced in the state in which it is put in a supporting member such as unwoven fabric, or it can be complexed with 
an inorganic oxide such as porous silica. 

N0 *detaV eaCti0nS m9 USed mateflalS me processes °* 109 above examples (a) thru (c) win be explained 

(Cross-linked polymer) 

[0035] A process for preparing a cross-linked polymer of layered structure or columnar structure to serve as the matrix 
of a polymer gel electrolyte which te an ion conductive member with oriented ion channels, is divided into a process In 
which a monomer is polymerized and cross-linked (the process of the above example (a)), and a process in which a 
polymer is cross-finked (the process of the above example (b)). 

[0036J An/ ol condensation polymerization, addition polymerization and acyclic polymerization can be utilized for a 
polymerizing reaction in the process for preparing the cross-linked polymer through the polymerization of the monomer. 
Among all, the addition polymerization can induce a cross-Unking reaction by adding during the polymerization a poly- 
functional compound such as drvinyl compound or trivinyl compound having two or more unsaturated bonds, and the 
proportion of cross-linkage in the addition polymerization can be easily controlled depending upon the concentration of 
the compound having the two or more unsaturated bonds, so that the addition polymerization is a more preferable tech- 
nique for forming the polymer gel portion ol the ion conductive member of the present invention. The addition polymer- 
ization is divided Into radical polymerization, and ionic polymerization such as cationic polymerization and anionic 
polymerization in accordance with reaction mechanisms. In the radical polymerization, an initiator is employed which is 
decomposed to generate radicals by heating or the absorption of light such as ultraviolet rays, thereby to initiate the 
polymerizing reaction of the monomer. Mentioned as examples of the initiator are azo compound such as azo-bis-iso- 
butylonririle; a peroxide such as benzoyl peroxide; potassium persulfate; ammonium persulfale; and the light-absorption 
decomposition compound of a ketonic compound or melaltocenic compound. Examples of the initiator of the cation 
polymerization ^include an acid such as I^SO,, H 3 P0 4 . HCI0 4 or CCI 3 C0 2 H; a Friedel-Crafls catalyst such as BF 3 . 
AIU3, TiCl, or SnCI <; fe; and (CgHsfeCCI. Examples of the initiator of the anion polymerization include water, an alkaline 
metal compound, and a magnesium compound. 

(0037] As the quantity of addition of the initiator to the monomer, a range of 1 to 1 0 weight-% is preferable, and a range 
of2to5weight-%ismorepreferabla 

[0038] Typical of the monomer to be ackJition-porymerized is a vinyl compound. Mentioned as examples of the vinyl 
compound are diethyleneglycol ethytether acryiate, diethyleneglycol ethylether methacrylate. diethyleneglycol methyl- 
ether methacrvtate, diethyleneglycol 2-etnyfhexylether acryiate, diethytethoxymethytene malonata, 2-acetoxy-3- 
butenenitrile, alrytcyano acetate, 4-allyl-1^-dimethoxybenzene, aerylonitrile, methyl acryiate, methyl methacrylate vinyl 
acetate, ethylene, isoprene, butadiene, styrene. vinyl chloride. vinyBdene chloride, isobutyrene, a-methyl styrene. tetra- 
decane dbl acryiate, silicone metharylate, fluoroalkyi methacrylate, 2-hydroxyethyl methacrylate, acrytamide, and N- 
teopropyl acrylamide. It Is also preferable to appropriately select the monomers and to mix them for ccpolymerization. 
Besides, the monomers should desirably be selected in order that the glass transition temperature of the polymer 
obtained by the polymerization may preferably become minus 20"C or below, more preferably minus 30°C or below 
[0039] Further, it is preferable to employ a liquid-crystalline monomer whose molecules are regularly arrayed by the 
application of an electric field or a magnetic field or irradiation with fight. 

[0040] On the other hand, concrete examples of a polymer material which serves as a base in a process for preparing 
a cross-linked polymer by cross-finking (he polymer material already obtained are poly(N-iso-propyl acrylamide) 
poly(methylvinyl ether). poly(N-vinyfiden Uitytamide. the polymer of vinyl ether. potyfr-benzyl L-glutamale) pcly(p-ph* 
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nylene tereprrthalamide). polycarbonate, poly(methyl methacrylate). acrylonitrile-butadiene rubber, potytdflsopropyl 
fumarate), and potyvnryBdene fluoride. 

[0041] A polymer gel electrolyte which includes a cross-linked polymer and an electrolyte solution absorbed in the 
cross-linked polymer, is prepared using the polymer material produced by the polymerizing reaction or the already 
polymerized material as staled above. 

[0042] A process tor preparing the cross-linked polymer (polymer gel) is divided Into a process based on chemical 
bonding, and a process based on intermotecular bonding. 

[0043] The process based on the chemical bonding includes a process in which the polymer is irradiated with an 
energy radiation such as an electron beam or gamma rays, so as to generate radicals and to induce a cross-linking 
reaction, and a process in which some active groups of a polymer chain are reacted with a cross-linking agent so as to 
induce a cross-linking reaction. 

[0044] Mentioned as concrete examples are a process hi which polyvinyl alcohol or cellulose having hydroxy! groups 
is cross-linked by a chemical reaction with aldehyde, an N-methyW compound, dicarbonlc acid, bie-epoxfde, or the Hke; 
a process in which a polymer having amino acid is caused to gelate with aldehyde or glycyl groups; a process in which 
polyvinyl alcohol or pdymethytvinyi ether is cross-linked in water by irradiating it with radiation such as gamma rays: a 
process in which polyvinyl alcohol or N-vinyl pyrroBdone Is cross-linked with a photo-cross-finWng agent such as diazo 
resin, bis-azide or dichromate; a process in which a water-soluble polymer such as polyvinyl alcohol is photo-dimerized 
with a polymer having photosensitive groups, such as stilbazolate; and a process in which a polymer material Is cross- 
linked in touch with a plasma created by the electric discharge of a gas. 

[0045] In particular, a process in which the active groups of the side chain of a polymer and a potytunctional cross- 
linking agent are reacted for the cross-linkage can be suitably adopted as the process in which the cross-linking reac- 
tion is induced by reacting some active groups of the polymer chain with the cross-linking agent. Concrete examples 
are cross-linking processes which are based on the reaction between the ester bonds or carboxyl groups ol the side 
chain and a diamine compound, the reaction between the amino groups of the side chain and dicarbonic add, the reac- 
tion between the carboxyl groups of the side chain and glycols, and the reaction between the hydroxy! groups of the 
side chain and dicarbonic acid. Mentioned as the concrete examples of the above amine are Methylene tetrarrdne, 
tetramethylethylene diamine. diarrinooBgoethylene amine, and diaminooligoethylene glycol. 
[0046] In the case where the cross-linking agent is employed in the cress-linMng reaction, the proportion of addition 
thereof should preferably be within a range of 1 to 20 mol-%. more preferably within a range of 2 to 1 0 mol-%, relative 
to 1 mol of the polymer. 

[0047] On the other hand, the process in which polymer chains are cross-linked by the molecular bonding may be 
performed by cross-linkage based on hydrogen bonds, cross-linkage based on ionic bonds, or cross-linkage based on 
coordinate bonds (chelation). Concrete examples include a process in which a polymer is caused to gelate by forming 
hydrogen bonds between molecules in accordance with freeze-vacuum-drylng. freezing-and-thawing, or the like; a 
process in which a gel is formed by mixing two different sorts of polymers such as polymethacrySc acid and polyethyl- 
ene glycol, and pol yacrylic add and polyvinyl alcohol; a process in which a polyionic complex gel is formed by mixing a 
polycatjon such as pdyvinyfbenzyl trimethylarnmonium, and a polyanfan such as sodium polystyrenesulfonate; and a 
process in which polycarbonic add such as polyacrylic acid, or a strong-add polymer such as polystyrene sulfonate, is 
bonded with an alkaline metal or alkaline-earth metal so as to form a gel. 

[0048] Incidentally, a gel can also be formed in such a way that, at the above stage of the polymerizing reaction for 
synthesizing a polymer material, a cross-liking reaction is simultaneously caused to proceed by chemical bonding. A 
cross-linking process in this case may be a process which utilizes the cross-linking reaction based on a condensation 
polymerization employing a drvinyl compound or any other polyfunctional compound, or a process in which, in polym- 
erizing a polymer, the polymerization and the cross-linking reaction are caused to proceed by irradiation with an energy 
radiation such as heat light, plasma or any other radiation. Concrete examples indude polymerization for which ethyl- 
enegiycol dimethaerylate or methyiene-bis-acryl arride is compounded as a cross-linking agent and for which a radical 
initiator is used; radiation polymerization for which gamma rays or an electron beam are/is projected; and photo-polym- 
erization for which light at a wavelength agreeing with the absorption wavelength of a vinyl monomer is projected in the 
presence of a cross-linking agent or for which light is projected after adding a photosensitizer. 
[0049] Examples of a divinyl compound typical of a bifunctional monomer which functions as a cross-linking agent 
during addition polymerization include N. N'-methylene-bis-acryl amide; diethyl eneglycd dimethaerylate: diethyleneg- 
lycol-bis-alryl carbonate: diethyleneglycol diacrylate; tetraethyleneglycd dimethaerylate; 1. 4^xitanedid diacrylate; 
perttadecanediol diacrylate; ally! ether; and ally! disulfide; 3-acryloyloxy-2-hydroxypropyl methacrylate. The quantity of 
addition of the cross-finking agent for the preparation of the cross-linked polymer (polymer gel) should preferably be 
within a range of 0. 1 to 30 mol-%. more preferably within a range of 1 to 20 mol-%, much more preferably within a range 
of 2 to 10 mol-%, relative to 1 mol of the monomer. 

[0050] The cross-linked polymer (polymer gel) which is produced via the polymerizing reaction and the cross-linking 
reaction, should desirably have at least one sort of bond selected from the group consisting of a carbon-oxygen bond. 
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a carbon-nitrogen bond and a carbon-sulfur bond, in order thai when the polymer is caused to carry an electrolyte solu- 
tion, the ionic dissociation of an electrolyte may be promoted to attain a higher ionic conductivity- Accordingly, the cross- 
linked polymer should preferably include at least one sort of functional group which is selected from the group consist- 
ing of an ether group, an ester group, a carbonyt group and an amide group. The starting materials of the cross-linked 
polymer are selected so as to establish such a chemical structure. 

(Compound which has Molecular structure serving as Template) 

[0051] The compound which has a molecular structure serving as a template and which is employed in the prepara- 
tion of a cross-linked polymer (polymer gel) having a layered structure or columnar structure, is a compound which is 
oriented in a certain direction or whose molecules are regularly arrayed, in accordance with an electricf ield, a magnetic 
field, right a temperature, a concentration, a pressure, a material to touch with the compound or the surface profie of 
the material, and the combination ot such factors. In the present invention, using the compound which has the molecu- 
lar structure serving as the template, a monomer is polymerized and cross-linked, or a polymer is cross-linked, whereby 
the cross-linked polymer (polymer gel) having the layered structure or columnar structure can be prepared, and an ion 
conductive member whose matrix Is the cross-linked polymer (polymer gel) can be formed. 
[0052] The compound which has the molecular structure serving as the template should preferably be at least one 
sort of compound selected from the group consisting of a liquid-crystalline compound, a diacetylene compound and an 
amphiphflic compound. Here, the molecular structure of the liquid-crystalline compound as exhibits liquid-crystalBnity is 
a molecular structure including a group -CH=N- or -OCCO-, which is geometrically asymmetric and which is cylindrical 
or flat, or which exhibits in a molecule a great dipole moment or polarization effect and which has an intermolecular 
interaction. 

(Liquid-crystalline compound) 

[0053] The molecular structure exhbHive of the cylindrical liquid-crystallinity should preferably be a molecular struc- 
ture m which at least one cyclic group has a different terminal group bonded thereto, or a molecular structure in which 
cyclic groups are bonded by a central group (a binding group) and in which the bonded groups have a different terminal 
group bonded thereto. Mentioned as examples of the above cyclic group are a benzene ring (phenyl group), a trans- 
type cyclohexane ring (cydohexyl group), a heterohexacyclic or different heterocyclic group, and a polycyclic group. 
Examples of the above central group (binding group) to be selected are -CH=N-. -C0-O. -N=NO-. trans-type -N=N-. 
trans-type -CH=CH-, -C-C-, -C 6 H 4 -, and trans-type -CgHH,-. The above terminal group should preferably be a group 
which is selected from among, for example, chemical formulas C n H 2r>>1 -, CnH^O- and CN-. 
[0054] Examples of the flat liquid-crystalline compound are a benzene-ring compound, a heterocyclic compound, and 
a polycyclic compound, tt is also desirable lhal the molecules of the flat liquid crystal are in a columnar arrayal. 
[0055] As the compound which has the molecular structure serving as the template, the monomer or polymer and the 
cross-linking agent which are the starting materials of the cross-linked polymer (polymer gel) being the matrix of the ion 
conductive member of the layered structure or columnar structure may wen have the function of orientation as in a Sq- 
uid-crystalline material. 

[00561 The liquid-crystal material which is employed as the compound having the molecular structure of the template, 
may be either a low-molecular liquid crystal or a high-molecular liquid crystal which contains the Squid-crystalline com- 
pound having the above structure, as its component (or which is a simple substance). Examples are a nematic liquid 
crystal, cholestic liquid crystal, smectie liquid crystal, ferroelectric liquid crystal and discofic liquid crystal, arty of which 
is usable and among which the nematic liquid crystal is more preferable. 

[0067] Mentioned as examples of a low-molecular nematic liquid crystal are N-(4-methoxvbenzilidene-4'-n-buty- 
lanifine). N-(4-etrwcybenzaidenei> , -4-biitylaniline), p-azoxyamsole, 4-r>iDerrtyl-4'-cyanobipherryl, 4-rvo<%loxy-4'-cyano- 
biphenyl, and trans-4-h6ptyl(4-cya^opheriy0 cyclohexane. 

[0058] Examples of a low-molecular cholestic liquid crystal include cholesteryl-nonanate; hexalkanoyl oxybenzene; 
tetraalkanoyt oxy-p-benzoquinone; hexalkoxy tnphenylene: hexalkanoyl oxylriphenylene; hexalkanoyl oxytoluxen- hex- 
alkanoyl rufigallol; 2. Z, 6. e'-tetraryM. 4--bipyranilidene; 2, 2', 6, S'-tetraryK ^-bithiopyranilidene; and the substituted 
benzoate of hexahydrotriphenylene. 

[0059] Examples of a low-molecular smectie liquid crystal include rxrtyloxybenzylidene-ocrytanirrne: and p-cyanoben- 
zylidene-p'-n-octyloxyaniline. 

[0060] A low-molecular discotic liquid crystal is triphenytene-hexa-n-dodecanonate, or the like. 
[0061 J Examples of a low-molecular ferroelectric liquid crystal include an azomethyne (Schiff type), an azoxy type, an 
ester type, a mixture consisting of chiral compounds, and an achiral host liquid crystal doped with a chiral compound. 
[0062] Mentioned as examples of a high-molecular liquid crystal are polyrbenzyl-L-glutamate, poly(4-cyanophenyl 
4'-hexytoxy benzoate methylsiloxane). f»ly(4-methoxyphenyl 4--propyloxy benzoate methytsiloxane). the block copoly- 
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mer of polystyrene-polyethylene oxide, hydroxypropyl cellulose, pdy(p-pheny1ene terephthalamide). poty[(e1hytene 
terephthalate)-co-1, 4-benzoate], poty(4, 4'-dime1hytazcixyberizene dodecanedtof), polytoDgoethylene azoxybenzoale). 
and poly{p-benzamide). 

[0063] Each of these liquid-crystal materials can be oriented in a predetermined direction by applying an electric field 
or magnetic field to the material or irradiating the material with light in a predetermined direction, by selecting the tem- 
perature »ne of the material or the concentration thereof in a solvent, or by arranging the material on the surface of a 
base member which has been treated so as to preferentially endow the material with ortentabilrty in a predetermined 
axial direction (as an orientation treatment). Using such a method, the material is oriented at the stage of the prepara- 
tion of the cross-linked polymer (polymer gel), thereby to form the cross-linked polymer (polymer gel) having the layered 
structure or columnar structure. 

[0064] By way of example, a field strength in the application of the electric field should preferably be set a! 10 3 V/cm 
or above, more preferably at 4 x 10 3 V/cm or above. A field strength in the application of the magnetic field should pref- 
erably be set at 0.1 tesla p] or above, more preferably at 1 teste pi or above. 

[0005] In case of employing the method in which the liquid crystal is arranged on the surface of the base member 
subjected to the orientation treatment concretely the polymer gel is prepared in a state where the mixture (liquid) of the 
starting material with an orienting agent added thereto Is arranged on the base member, such as a glass substrate, 
whose surface has undergone the orientation treatment. Examples of a method to be adopted for treating the surface 
of the material of the base member include a method In which the surface of the glass substrate is caused to adsorb, 
for instance, lecithin, cetyttrimethylammonium bromide, a chromium-brasilate complex, octadecyl malonate, or an 
organic-silane coupling agent such as stearyi trichlcrosilane; a method in which uniform protrusions are formed on the 
glass substrate: a method in which silicon oxide or the like is vapor-deposited on the surface of the glass substrate in 
an oblique direction; and a method In which the surface of the glass substrate Is rubbed. Using such a method, a prop- 
erty tor orienting the liquid crystal vertically or aslant is bestowed on the surface of the glass substrate. 
[0066] Incidentally, the molecular structure of such an orienting agent exhibiting the Hquid-crystallinity can remain in 
the cross-finked polymer material (polymer gel) obtained. 

(Diacetylene compound) 

[0067] A diacetylene compound for an orienting agent is turned into a polymer, which is caused to function as the 
orienting agent Mentioned as examples of a monomer to be polymerized are 2, 4-hexadiyne-1, 6-diol; diacetylene car- 
bonate: 2. 4-hexadiyne-l , 6-did-b's-phenyturethane; diphenytdiacBtylene with its ortho-position or meta-posiSon sub- 
stituted; and 3. 6, 13, 16-tetraoxyaoctadeca-8, 10-dyne-1, 18-diol. 

[0068] When heated or irradiated with an energy radiation such as ultraviolet rays or gamma rays, the diacetylene 
compound monomer gives rise to a sofld-phase polymerization reaction to produce a polymer single-crystal which is 
oriented in one direction. By utilizing this property, the mixture (liquid) of that starting material of the cross-linked poly- 
mer (polymer gel) which contains the diacetylene compound monomer as the template is heated or irradiated with the 
energy radiation during the cross-liridng reaction. Thus, the cross-linked polymer (polymer get) having the layered 
structure or columnar structure can be prepared 

(Amphiphilic compound) 

[0069] An amphiphilic compound has hydrophilic groups and hydrophobic groups (lipophilic groups) in its molecules 
like the molecules of a surface-active agent and forms a molecular aggregate (associated body) owing to an entropy 
effect called the "hydrophobic interaction" and involving water molecules therein, thereby to behave as a rheotropic liq- 
uid crystal. The rheotropic liquid crystal based on the ampholyte molecules assumes a hexagonal structure in which a 
cylindrical associated body constitutes a hexagonal system, a lamellar structure in which the bi molecular tarns of the 
ampholytic molecules are arrayed alternately with water, an inverse hexagonal structure in which alkyl chains are 
directed outward, or the like. Mentioned as examples of the amphiphinc compound are a fatty soap, a monoalkyl phos- 
phate, an alginine alkylphosphate, long-chain alkytglyceryl ether, octaethyleneglycol monohexadecylether, octaetnyl- 
eneglycol monodecylether, and lecithin. The hexagonal structure, lamellar structure and inverse hexagonal structure 
stated above can be selectively formed by selecting the sort and concentration of the amphiphinc compound. Such an 
amphiphilic compound has the merit of being less expensive as the starting template material for the preparation of the 
cross-finked polymer (polymer gel) having the layered structure or columnar structure. 

(ton conducting glass with Oriented ion channels) 

[0070] Next, there will be described practicable examples of a process for producing an ion conductive member made 
from an ion conducting glass. 
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(d) By way of example, in case of forming a thin fBm of that l^S-SiSjrbased glass exemplifying a lithium-ion con- 
ducting glass, to which L^PC^ has been added and which is expressed by 0.01 U3PO4 - 0 99 (0 64 US - 0 36 
SSi-). the glass obtained by melting U 3 P0 4 . UaS and SiSz or the materials U3PO4, UjS and SISj is/are used as a 
target, and it/they is/are deposited Wo a layered structure or columnar structure by a technique such as sputtering 
or electron-beam evaporation, while a magnetic field is kept applied perpendicularly to a substrate or while a neg- 
ative bias voltage Is kept applied to the substrate, whereby lithium-ion channels can be oriented In a direction per- 



2. SECONDARY BATTERY AND ITS MEMBERS 

[00711 The secondary battery of the present Invention can have a configuration in which an ion conductive member 
havmg a layered structure or columnar structure, obtained as stated above, is Interposed between a negative electrode 
and a positive electrode so that its ionic conductivity may become the highest in a direction parallel to the planes of the 
negative and positive electrodes, more desirably in a direction perpendicular thereto. The secondary battery of the 
present invention can be fabricated in such a way that the ion conductive member, formed with ion conducting paths 
(ion channels) along which the migrating distances of ions substantially become the shortest in a direction parallel to 
the layered or columnar structure prepared as explained above or in a direction perpendicular to the layered structure, 
is disposed in the state in which it lies in touch with the negative electrode and positive electrode, that output terminals 
are led out of the negative and positive electrodes, and that the whole structure is enclosed with a sheathing material 
[0072] Practicable examples of a method of fabricating a secondary battery include the following: 

(e) An ion conductive member is formed on the surface of a negative electrode or that of a positive electrode or on 
the surface of each of the negative and positive electrodes by any of the above processes (a) to (d). Subsequently, 
the negative and positive electrodes are brought into close touch so that the surface provided with the ion conduc- 
tive member may be an opposing surface. Alternatively, the negative and positive electrodes are brought into close 
touch after a similar ionfcally-conductive structure (film) is further sandwiched between the negative and positive 
electrodes. Then, a secondary battery (cell) is fabricated. 

(f) A negative electrode and a positive electrode are opposed through an interspace (gap) which prevents the neg- 
ative and positive electrodes from coming into direct touch. By way of example, the negative and positive electrodes 
are opposed through a spacer which is made of nonwoven fabric, a porous film, grains, or the tike. Subsequently, 
an ion conductive member is formed in the interspace (gap) between the positive and negative electrodes by. for 
example, any of the above processes (a) to (c). Then, a secondary battery is fabricated. 

(g) The surface of a collector is overlaid with a negative electrode, an Ion conductive member, a positive electrode 
and another collector in the order mentioned, or with a positive electrode, an ion conductive member, a negative 
electrode and another collector in the order mentioned, by a vapor deposition technique such as sputtering or elec- 
tron-beam evaporation. Then, a secondary battery is fabricated. 

[0073] Now, members for use in the fabrication of a secondary battery will be explained in detail. 

(Ion conductive member/Polymer gel) 

[0074] tn a case where the polymer gel of a cross-linked polymer as explained before is employed as the matrix of an 
ion conductive member, it is held in a swollen state by absorbing a solvent or a polymer which has a three-dimensional 
network structure insoluble in a solvent such as a cross-linked structure. The polymer gel in which the solvent is water 
is called a "hydroger. while the polymer gel in which the solvent is an organic substance is called a "organogel" In a 
case where an ion conductive member made from the polymer gel is adopted for a lithium secondary battery utilizing 
the oxidiz.ng and reducing reactions of lithium ions, the organogel is used as the polymer gel. and in a case where it is 
adopted for another alkaline battery or a lead battery, the hydrogef is used. 

(Negative electrode/604 in Example shown in Fig. 6) 

[0075] A negative electrode is constituted by a collector (606 in Fig. 6) and an active material layer (605 in Fig. 6). By 
theway In the present invention, an expression "active material" is a general term for substances which pertain to the 
electrochermcal reactions of charge and discharge in a battery (the repetition of the reactions) 
[0076] In a case where the secondary battery of the present invention is a lithium secondary battery utilizing the oxi- 
dation and reduction of lithium ions, a material for the active material layer of Ihe negative electrode is a substance 
adapted to carry lithium during charge, such as lithium metal, a metal which is electrochemical* aDoyed with lithium, or 
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a carbonaceous material or a transition metal compound which intercalates lithium. Mentioned as examples of the tran- 
sition metal compound are a transition metal oxide, a transition metal nitride, a transition metal sulfide, and a transition 
metal carbide. Examples of the transition metal element of the transition metal compound for the negative-electrode 
active material of the lithium secondary battery are Sc. Y, a lanthanotde. an actinoid. Ti, Zr, Hf, V, Nb, Ta. Cr, Mo. W, Mn, 
Tc. Re, Fe. Ru, Os. Co, Rh. Ir. Ni, Pd. Pt, Cu, Ag and Au, each of which Is an element partially having a d-shell or f-shefL 
Especially, Ti, V, Cr, Mn, Fe. Co, NB and Cu which are the first transition series metals are appropriately used. 
[0077] In a case where the secondary battery of the present Invention is Incarnated in any of the forms of a nickel - 
hydride battery, a nickel - cadmium battery, a nickel - zinc battery and a lead battery in each of which an aqueous solu- 
tion is employed as an electrolyte solution, a hydrogovocclusion aHoy. cadmium, zinc and lead are respectively used 
as the materials for the active material layers of the negative electrodes. 

[0078] When the active material of the negative electrode is in the shape of a foil or a sheet or plate, it can be used 
as it is. When the active material is powdery, the negative electrode is fabricated by mixing a binder into the powdery 
material and sometimes adding an electrtc-conductlon assistant and then forming a coating film on a collector. Besides, 
plating or vapor deposition can be employed as a process for forming the thin film of the above material on the collector. 
A process for the vapor deposition may be CVD (Chemical Vapor Deposition), electron-beam evaporation, sputtering, 
or the like. Any negative electrode for the lithium secondary battery needs to be sufficiently dried under a reduced pres- 

[0079] The collector of the negative electrode In the present Invention functions to efficiently supply current which is 
dissipated by the electrode reactions during charge and discharge, or to collect current which is generated. Accordingly, 
a material to form the collector of the negative electrode should desirably be a material whose electric conductivity is 
high and which is inactive to the battery reactions. Mentioned as the preferable materials are nickel, titanium, copper, 
aluminum, stainless steel, platinum, palladium, gold, zinc various alloys, and a metal composition including at least two 
of the above materials. The collector can be adopted in any of the shapes or states of. tor example, a sheet or plate, a 
foil, meshes, sponge, fiber, a punched metal material and an expanded metal material. 

(Positive electrode/607 in Example shown in Fig. 6) 

[0080] A positive electrode is constituted by a collector (609 in the example shown in Fig. 6) and an active material 
layer (608 in the same). 

[0081] In a case where the secondary battery of the present invention is a lithium secondary battery utilizing the oxi- 
dation and reduction of lithium ions, a material for the active material layer of the positive electrode is a transition metal 
compound which is adapted to carry lithium during discharge and which intercalates lithium, such as a transition metal 
oxide, a transition metal nitride or a transition metal sulfide. Examples of the transition metal element of the transition 
metal compound for the positive-electrode active material of the lithium secondary battery are Sc. Y. a lanthanoide, an 
actinoid, Ti, Zr. Hf. V. Nb, Ta, Cr. Mo, W, Mn. Tc, Re, Fe. Ru. Os, Co, Rh. Ir. Pd. Pt. Cu, Ag and Au. each of which is 
an element partially having a d-shell or f-shell. Especially. Ti, V, Cr, Mn. Fe. Co. NI and Cu which are the first transition 
series metals are appropriately used. 

[0082] In a case where the secondary battery of the present invention is incarnated in any of the forms of a nickel - 
hydride battery, a nickel - cadmium battery and a nickel - zinc battery in each of which an aqueous solution is employed 
as an electrolyte solution, nickel hydroxide is used as the material for the active material layer of the positive electrode. 
In case of a lead battery, lead oxide is used for the active material layer of the positive electrode. 
[0083] The positive electrode in the present invention may include the collector, the positive-electrode active material, 
an electric-conduction assistant, a binder, etc. This positive electrode is fabricated in such a way that a mixture consist- 
ing of the positive-electrode active material, the electric-conduction assistant, the binder, etc. are molded ed on the sur- 
face of the collector. 

[0084] Mentioned as examples of the electric-conduction assistant for the positive electrode are graphite, carbon 
black such as ketyene black or acetylene black, and the fine powder of a metal such as nickel. The binder for the posi- 
tive electrode is, for example, a potyolefin resin such as polyethylene or polypropylene, or a fluorine resin such as pd- 
yvinylidene fluoride or tetrafluoroethylene polymer, in case of an electrolyte solution of water-insoluble type, and 
polyvinyl alcohol, cellulose or a polyamide in case of an electrolyte solution of water-soluble typa 
[0085] The collector of the positive electrode functions to efficiently supply current which is dissipated by the electrode 
reactions during charge and discharge, or to collect current which is generated. Accordingly, a material to form the col- 
lector of the positive electrode should desirably be a material whose electric conductivity is high and which is inactive 
to Hie battery reactions. Mentioned as the preferable materials are nickel, titanium, aluminum, stainless steel, platinum, 
palladium, gold, zinc, various alloys, and a metal composition including at least two of the above materials. The collector 
can be adopted in any of the shapes or states of, for example, a sheet or plate, a foil, meshes, sponge, fiber, a punched 
metal material and an expanded metal material. 
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(Sectrolyte solution) 

[0086] In a case where the secondary battery of the present invention is appSed to a lithium secondary battery utilizing 
the oxidizing and reducing reactions of lithium ions, materials to be explained below are appropriately employed as a 
supporting electrolyte for an electrolyte solution which is carried in an ion conductive member, and a solvent tor the sup- 
porting electrolyte. 

[0087] Mentioned as examples of the material of the supporting electrolyte are an add such as H 2 SO«, HCI or HNO3; 
a salt which consists of lithium ions (Li + ) and Lewis acid ions (BF«\ PF 6 -, AsF s ", CIO4, CF3SO3- or BPh 4 (Ph: phenyl 
group); and a mixed salt which consists of such salts. Also usable is a salt which consists of the Lewis add ions and 
cations such as sodium ions, potassium tons or tetralkylammcnium ions. The above salt should desirably be sufficiently 
dehydrated and deoxidized beforehand by healing it under a reduced pressure. 

[0088] Usable as the solvent of the supporting electrolyte is, for example, acetonitrile; benzonrtrfle; propylene carbon- 
ate; ethylene carbonate; dimethyl carbonate; diethyl carbonate: dimethyl formaldehyde; tetrahydrofuran; nitrobenzene; 
dichloroethane; diethoxyethane; 1 . 2-dimethoxyethane; chlorobenzen; rbutyrolactone; dkwotane; sulfolane; nftrometh- 
ane: dimethyl sulfide; dimethyl sulfoxide; dimethoxyethane; methyl formate; 3-methyl-2-oxazolidinone; 2-methyltetrahy- 
drofurane; 3-propylsydnone; sulfur dioxide; phosphoryl chloride; Ihionyl chloride: sulfuryl chloride: or a mixed solution 
consisting of them. 

[0089] The above solvent is dehydrated with or by, for example, active alumina, a molecular sieve, phosphorus pen- 
toxide. or calcium chloride. Some of the solvents should preferably be distilled in the presence of an alkaline metal 
within an inert gas so as to remove impurities and to be dehydrated. 

[0090] In a ease where the secondary battery of the present invention is applied to any secondary battery other than 
the lithium secondary battery, and where the solvent for the electrolyte solution to be carried in the ion conductive mem- 
ber is water, a material to be explained below is appropriately employed as the supporting electrolyte. In any of the 
cases of the nickel - hydride battery, nickel - cadmium battery, nickel - zinc battery and air - zinc battery, an alkaline sub- 
stance such as potassium hydroxide, lithium hydroxide or sodium hydroxide is employed. In the case of the lead battery, 
an add such as sulfuric acid is employed. 

(Shape and Structure of Battery) 

[0091] The concrete shape of the secondary battery of the present invention is any of, for example, a flat shape, a 
cylindrical shape, a rectangular-parallelepiped shape, and a sheet shape. On the other hand, the structure of the bat- 
tery is any of, for example, a single-layer type, a multilayer type and a spiral type. Among all, the spiral type cylindrical 
battery can enlarge its electrode area when wound with a separator interposed between a negative electrode and a 
positive electrode, to bring forth the feature that larger currents can be caused to flow during charge and discharge. 
Besides, the battery in the shape of a rectangular parallelepiped or a sheet has the feature that the accommodation 
space of an apparatus, which needs to accommodate a plurality of batteries, can be effectively utilized. 
[0092] Since an electrolyte solution can be solidified between the negative electrode and the positive electrode by 
employing the ion conductive member of the present invention, the leakage of the liquid does not take place, and the 
enclosure of the battery is facilitated. H is therefore possible to decrease the thickness of the sheathing material of the 
battery, and to readily fabricate the battery of optional shape. 

[0083] Examples of the shape and structure of the battery will now be described in more detafl with reference to Fig. 
7. This figure illustrates a sectional view of a singl«Mayer type flat (coin-shaped) battery. Such a secondary battery has 
a configuration which is basically the same as in Fig. 6. and which includes a negative electrode, a positive electrode, 
an ion conductive member containing an electrolyte, a battery housing and output terminals. 
[0094] Referring to Fig. 7. numeral 701 designates a negative electrode, numeral 703 a positive electrode, numeral 
704 a negative-electrode terminal (negative-electrode cap), numeral 705 a positive-electrode terminal (positive-elec- 
trode can), numeral 702 an ion conductive member, and numeral 706 a gasket 

[0095] In the flat (coin-shaped) secondary battery shown in Fig. 7. the positive electrode 703 including a positive-elec- 
trode material layer (active material layer) and the negative electrode 701 including a negative-electrode material layer 
(active material layer) are laminated through, at least the ton conductive member 702. The resulting laminated body is 
received from the positive-electrode side of the battery into the positive-electrode can 705 serving as the positive-elec- 
trode terminal, and the negative-electrode side of the battery is concealed by the negative-electrode cap 704 serving 
as the negative-electrode terminal. The gasket 706 is arranged in the remaining inner part of the positive-electrode can 
705. 

[0096] An example of a method of assembling the battery shown in Fig. 7 wffl be explained below. 

(1) The laminated body in which the ion conductive member (702) is sandwiched between the negative electrode 
(701) and the positive electrode (703). is formed by a method as slated before, and it is assembled into the posrtive- 
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electrode can (705). 

(2) The negative-electrode cap (704) and the gasket (706) are assembled together. 

(3) The assembly obtained at the above step (2) is caulked. Then, the battery is finished up. 

[0097] Incidentally, the preparations of the materials of the lithium battery and the assemblage of the battery as thus 
far explained should desirably be performed In dry air or a dry inert gas from which moisture has been satisfactorily 
removed. 

[0098] There will be explained other members which constitute the secondary battery as staled above. 
(Insulating packing) 

[0099] Usable as the material of the gasket (706) Is. for example, a fluorine resin, a polyolefin resins, a polyarrWe 
resin, a potysultone resin, or any of various sorts of rubber. The battery may be sealed by the "caulking" method 
employing an insulating packing as illustrated in Rg. 7, and may wen be sealed by a method or member such as a 
sealed glass tube, adhesives. welding or soldering. Besides, any of various organic-resin materials and ceramics is 
used as the material of an Insulating plate in Rg. 7. 

(Battery housing) 

[0100] A battery housing for accommodating constituent members in a secondary battery is configured of the positive- 
electrode can (705) and the negative-electrode cap (704) of the battery hi the example shown in Fig. 7. Since the pos- 
itive-electrode can (705) and the negative-electrode cap (704) serve also as the battery housing (case) and output/input 
terminals in the example shown in Rg. 7, stainless steel is preferably employed therefor. 

[01 01 ] By the way. in a case where the positive-electrode can (705) and the negative-electrode cap (704) do not serve 
also as the housing, the sheathing material of the battery is appropriately formed as a plastics member in the shape of 
a sheet or plate or a film, a composite member of plastics and metal such as a layer film in which a metal foil or evapo- 
rated metal f ilm is covered with plastics films, or the like. In the case where the secondary battery of the present inven- 
tion is the lithium secondary battery, the sheathing material should more preferably be a material through which water 
vapor and gases do not permeate, and it is essential to seal the battery proper by closing up any path of invasion of 
water vapor. 

[01 02] Now. the present invention win be described In detail on the basis of examples. It is to be understood, however, 
that the present invention is not restricted to the examples. 

[0103] In the ensuing description, the expressions "parts" and "%" shall be based on weights unless otherwise spec- 
ified. 

(Preparation of Polymer gel electrolyte/Ion conductive member) 
EXPERIMENT 1: 

[0104] Rrst. the reaction vessel of a three-necked flask furnished with a circulating device, a dropping device, an agi- 
tating device and a heating device was filled up with dried nitrogen gas. 15.0 parts of pdyoxyelhylene hexadecyl ether 
being a nonionic surfactant, which was employed as a compound having a molecular structure to serve as a template, 
and 275 parts of ion-exchanged water, were put into the three-necked flask and were agitated. Subsequently. 8.76 parts 
of diethyleneglycol monomethylether methacrytate and 0.24 part of ethyleneglycol dimethacrylate were agitated well 
and were dropped into the three-necked flask by the use of the dropping device, and the resulting system was agitated 
well until H became uniform. Further, an aqueous solution in which 0.03 part of potassium peroxosuffate was dissolved 
in 1 0 parts of ion-exchanged water was dropped as a polymerization initiator into the three-necked flask by the use of 
the dropping device. Polymerization was performed at 75°C for 7 hours while the interior of the three-necked flask was 
being agitated. Thereafter, a granular polymer gel obtained was washed with water and ethanol and was dried. Then, 
a powdery cross-linked polymer was obtained. 

[0105] The ethylenecarbonate - propylenecarbonate (1 : 1) solution of 1 mot/liter of lithium tetrafluoroborate was 
added by 80 parts to 20 parts of the powdery cross-linked polymer obtained, whereby a paste was prepared. The paste 
was applied onto a glass substrate coated with an indium - tin oxide (fTO), to a thickness of 50 microns. Thus, an ion 
conductive member containing a polymer gel electrolyte was manufactured. 

[0106] The ion conductive member was sandwiched between the above glass substrate and another ITOcoated 
glass substrate, and the resulting structure was connected as illustrated in Rg. 8. The impedance of the ion conductive 
member 801 of the polymer gel electrolyte between the pair of ITO electrodes 802 was measured with a measurement 
signal of 1 Wlohertz by the use of an Impedance measurement device 803 constructed of a milliohmmeter. Then, the 
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resistance i of the ion conductive member 801 was found. Further, the thickness d and area A of the structure 801 were 
measured. The ionic conductivity of the gel was calculated in accordance with an equation (Ionic conductivity 
<j)=d/(Axr). 

[01071 Besides, when the polymer get electrolyte obtained was observed under crossed nicots polarization by the use 
of a polanzing microscope, a structure in which layered polymer skeletons were arrayed was seen. 

COMPARATIVE EXPERIMENT 1: 



[01081 As in Experiment 1 explained above, the reaction vessel of a three-necked flask furnished with a circulating 
device, a dropping device, an agitating device and a heating device was first filled up with dried nitrogen gas. 290 parte 
of ion-exchanged water were put into the three-necked flask, and were agitated. Subsequently. 8.76 parts of diethyl- 
eneglycoi monomethylether methacryiate and 0.24 part of ethyieneglycol aimethacrytale were agitated well and were 
dropped into the three-necked flask by the use of the dropping device, and the resulting system was agitated well until 
it became uniform. Further, an aqueous solution in which 0.03 part of potassium peraxosulfate was dissolved in 10 
parts of ion-exchanged water was dropped as a polymerization initiator into the three-necked flask by the use of the 
dropping device. Polymerization was performed at 75°C tor 7 hours while the Interior of the three-necked flask was 
being agitated. A granular polymer gel thus obtained was washed with water and ethanol, and was dried Then, a pow- 
dery cross-finked polymer was obtained. 

[01091 The ethyl enecarbonate - propylenecarbonate (1 : 1) solution of 1 moMiter of lithium tetrafluoroborate was 
added by 80 parts to 20 parts of the powdery cross-linked polymer obtained, whereby a paste was prepared. The paste 
was applied onto a glass substrate coated with an indium - tin oxide (ITO), to a thickness of SO microns. Thus, an ton 
conductive member containing a polymer gel electrolyte was manufactured. The ion conductive member was sand- 
wiched between the above glass substrate and another ITO-coated glass substrate. As in Experiment 1 , the resistance 
of the polymer gel electrolyte between the ITO electrodes was measured by an impedance measurement which was 
based on a measurement signal of 1 kilohertz and which used a milliohrnmeter. The ionic conductivity of the gel calcu- 
lated from the measurement of the resistance was a value which was about 1/3 of that of Experiment 1 
[0110] Besides, when the gel electrolyte obtained by the above process was observed under crossed nicds polariza- 
tion by the use of a polarizing microscope, an oriented structure as in Experiment 1 was not seen in a dark field. 

EXPERIMENT 2: 



[0111] There were mixed 29.8 parts of methyl methacryiate as a monomer, 0.2 part of ethyieneglycol dimethacrylate 
as a cross-linking agent, 50 parts of N-C^ethoorTberuyfiderie^'-bulylaniline) being a low-molecular liquid crystal as a 
compound having a molecular structure to serve as a template, and 1 part of 2. 2'-azcfcisisctoyrylcflrtrile as an initiator, 
and 20 parts of propylene carbonate was added to the mixed solution. The resulting mixed solution was inserted into a 
cell which was constituted by two ITO-coated glass substrates and which had a cell gap of 1 00 microns, and an electric 
field of A. C. 100 V (at 400 Hz) was applied between the ITO electrodes. Subsequently, the cell was heated at 75°C at 
which the liquid crystal exhWed a nematic state, with the electric field kept applied, whereby a polymerizing reaction 
and a cross-linking reaction were induced. Then, a filmy polymer gel was obtained. 

[0112] After the low-molecular liquid crystal in the polymer get obtained was washed and removed with ethyl alcohol 
the polymer gel was impregnated with an electrolyte solution of 1 moMiler in which lithium tetrafluoroborate was dis- 
solved in propylene carbonate, so as to carry the electrolyte solution. Then, a polymer gel electrolyte was prepared 
[0113J As in Experiment 1. the resistance of the polymer gel electrolyte was measured by an impedance measure- 
ment employing a milliohmmeter, and the ionic conductivity thereof was calculated from the thickness thereof Also, the 
polymer gel electrolyte obtained was observed with a field emission type scanning electron microscope. Fig. 10 is a 
schematic view showing an image which was observed at an acceleration voltage of 20.0 kV The upper part of the fig- 
ure corresponds to the surface part of the polymer get electrolyte, and the tower part to the interior (sectional part) of 
the electrolyte. It is understood from the image part of the interior that the polymer gel is formed as layers or a lamina- 
tion. The layered direction of the layers was perpendicular to the direction of the electric field applied during the prepa- 
ration (the direction of the vector of the electric line of force). 

COMPARATIVE EXPERIMENT 2: 

[0114J A polymer gel electrolyte was prepared in the same way as in Experiment 2, except the condition that propyl- 
ene carbonate was added instead of the low-molecular liquid crystal N-(4-ethco(yl3enzylidene-4'-butylaniIine) used in 
Experiment 2. As in Experiment 2. the resistance of the polymer gel electrolyte was measured by an impedance meas- 
urement employing a milliohmmeter. and the ionic conductivity thereof was calculated from the thickness thereof. Then, 
the ionic conductivity was about 1/5 of that exhibited in Experiment 2. 
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[01 1 5] Besides, when the configuration of the polymer gel electrolyte obtained was observed with an electron micro- 
scope, the layered structure as shown in fig. 10 in which the electrolyte was regularly oriented perpendicularly to the 
electric field applied during the preparation (the vector of the electric line of force) was not seen. 

EXPERIMENT 3: 

[01 1 6] There were mixed 50 parts of methyl methacrylate as a monomer. 5 parts of ethyleneglycol dimethacrylate as 
a cross-finking agent 40 parts of N-(4-ethoxybenzylidene^'-tJurylajiffine) being a low-molecular liquid crystal as a com- 
pound having a molecular structure to serve as a template, and 5 parts of 2, ^-azobisisobytylonrtrile as an initiator, and 
the 1 . 4-dtoxarte solution of 0.5 mot/liter of fithium tetrafluoroborate was added by 200 parts to the mixed solution. The 
resulting mixed solution was inserted into a cell which was constituted by two glass substrates with their surfaces 
coated with lecithin beforehand and which had a cell gap of 50 microns. The resulting gapped cell was sandwiched 
between the N-pole and S-pole of a 6amarlum - cobalt anisotropic magnet having a residual flux density of 1 testa, 
whereby a magnetic field was applied to the mixed sotutioa Subsequently, the cell was heated at 75"C at which the low- 
molecular liquid crystal exhibited a nematic state, whereby a polymerizing reaction and a cross-linking reaction were 
Induced. Then, a filmy polymer get was obtained. 

[0117] After the low-molecular liquid crystal in the polymer gel obtained was washed and removed with acetone, the 
polymer gel was Impregnated with an electrolyte solution of 1 mot/liter In which lithium tetrafluoroborate was dissolved 
in propylene carbonate, so as to cany the electrolyte solution. Then, a polymer gel electrolyte was prepared. 
[0118] As in Experiment 1. the resistance of the polymer gel electrolyte was measured by en impedance measure- 
ment employing a milliohmmeter. and the ionic conductivity thereof was calculated from the thickness thereof. When 
the configuration of the polymer get electrolyte obtained was observed with an electron microscope, a sectional struc- 
ture having a columnar structure in which the electrolyte was regularly oriented in parallel with the applied magnetic 
field (with the vector of the magnetic line of force) was seen. 

COMPARATIVE EXPERIMENT 3: 

[01 1 9] A polymer gel electrolyte was prepared in the same way as in Experiment 3. except the condition that propyl- 
ene carbonate was added instead of the tow-molecular liquid crystal N-(4-ethoxybenzylidene-4- - butylaniline) used in 
Experiments. 

[0120] As in Experiment 3. the resistance of the polymer gel electrolyte was measured by an impedance measure- 
ment employing a milliohmmeter, and the tonic conductivity thereof was calculated from the thickness thereof. Then, the 
ionic conductivity was about 1/4 of that exhibited in Experiment 3. 

[0121] Besides, when the configuration of the polymer gel electrolyte obtained was observed with an electron micro- 
scope, the columnar structure in which the electrolyte was regularly oriented in parallel with the applied magnetic f ield 
was not seen. 

EXPERIMENT 4: 

[0122] There were mixed 45 parts of methyl methacrylate as a monomer. 5 parts of ethyleneglycol dimethacrylate as 
a cross-linking agent, 40 parts of N-(4-ethoxybenzvlidene-4'-butvtaniline) being a low-molecular liquid crystal as a com- 
pound having a molecular structure to serve as a template, 9 parts of the propylene carbonate solution of 1 mol/liter ol 
lithium tetrafluoroborate. and 1 part of 2. 2'-azobisisobutylonitrile as an initiator. A pair of electrodes made of SUS 
(stainless steel) were inserted into the resulting mixed solution, an electric field of A C. 2 V (at 400 Hz) was applied 
between the electrodes, and the mixed solution was heated at 75°C at which the liquid crystal exhibited a nematic state, 
whereby a polymerizing reaction and a cross-linking reaction were induced. Then, a polymer gel was obtained. 
[0123] After the tow-molecular liquid crystal in the polymer gel obtained was subsequently washed and removed with 
acetone, the polymer gel was impregnated with an electrolyte solution of 1 mol/liter in which lithium tetrafluoroborate 
was dissolved in propylene carbonate, so as to carry the electrolyte solution. Then, a polymer gel electrolyte was pre- 
pared. 

[01 24] As In Experiment 1 . the resistance of the polymer gel electrolyte was measured by an impedance measure- 
ment employing a milliohmmeter. and the ionic conductivity thereof was calculated from the thickness thereof. Also, the 
polymer gel electrolyte obtained was observed with a field emission type scanning electron microscope, figs. 11 A, 
1 1 AP and 1 1 B are schematic views each showing an Image which was observed at an acceleration voltage of 20.0 kV. 
Ro, 11A illustrates the state of the surface ol the polymer gel electrolyte obtained, while Rg. 11 B illustrates the interior 
(sectional view) of the electrolyte. The surface of the polymer gel electrolyte included domains of various shapes as 
shown in fig. 11 A, and each of the individual domains consisted oi mosaic subdomains as shown in Rg. 1 1 AP. Besides, 
in the interior (sectional view) shown in Rg. 1 1 B, the polymer gel electrolyte was formed to be columnar. The direction 
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of growth of columns shown in Fig. 1 1B was parallel to that of the electric field applied during the preparation. 
COMPARATIVE EXPERIMENT 4: 

[0125] A polymer gel electrolyte was prepared in the same way as in Experiment 4. except the condition that propyl. 
ExJertSntT ^ " ** lowHno,ecular "V 8 * 1 N^-etrwxvbenzylidena^'-butyleniline) usedln 

mTL^TJfT^ V '"f^. 0 * th6 pofymer gel el8Ctro| y ,e «as measured by an impedance measure- 
employ a rrilliohmmeter. and the ionic conductivity thereof was calculated from (he thickness thereof Then, the 
ionic conducbvrty was about 1/6 of that exhibited in Experiment 4. 

sSe a^nTt^,^^^ 6 ° Wained "** 0bserv8d m nfcrowp.. *• columnar 



[01 28] 25 parts of sodium dodecytsuHonate being an anionic surfactant for forming a layered structure, and 1 00 carts 
r ° ,l^ waterwere mixed and agitated. Subsequent* 16.5 parts of acrylonrWe and 1.5 part of ethylenSr/- 
col dimethacrylate were agitated well, and argon gas was bubbled in the resulting mixed solution so as to be substituted 
?rZ%Z!^ e '- 15 f ^!!l 1 i yrfra Y" C ^ 0heXy,pheny, " ke,0ne wasmfc<edasa Photo-polymer^ation initiator. Then, 
a mrxed solution was prepared. Thereafter, the mrxed solution obtained was cast onto a glass substrate coated with an 
indium - tin oxide (ITO). and it was irradiated with fight by a hlgburessure mercury-arc lamp of 500 watts, whereby 
^SL"? cross^mMng reactions were induced. Then, a porymerfrim was obtained. Subsequently, the polymer 

T^S^L^ T ref ^ tedly immersed in fresh methano1 »* •» surface was removeoXt, 

the resulting polymer film was caused to absorb the propylene carbonate solution of 1 moMrter of lithium tetraf luorobo- 
rate. Thus, an ion conductive member was manufactured. 

EuJ^i £ ^ COn *f Ve Z!? 3er ^ sandwiched be *"» n the above glass substrate and another novated 
gbse substrata, the resurhng structure was connected as illustrated hi Rg. 8. and the ionic conductivity of the ion con- 
tTZZTj, Z rn °£! r " i b ^^ tTn T B ' 10 the sam8 « Experiment 1. Besides, when the ion conduc- 
Suctu^wasiS Pofymer^el-electrolyte film obtained was observed with an electron microscope, the layered 

COMPARATIVE EXPERIMENT 5: 

£130] After the monomer and the cross-linking agent were polymerized and cross-linked without adding the sur- 
™Z«Jr?ZZT*: ^ Sin °i ,epS ° f E ^? riment 5 were con,ormed '<>• Then, a Porymer film was obtained 
wLrfZt^™^ e J2f^T * *" (TO) " Sub£equena y' 0,6 »" on the glass substrate 

was repeatedly immersed in fresh methanol to wash. Next, the resulting polymer film was caused to absorb the prooyf- 
ene carbonate solution of 1 mol/lfter of lithium tetraborate. Thus, an ion conductive member was manufactured 
mTL£!H ^TTIk 5, resfelance * *• Po'ymer film was measured by an impedance measurement employ- 
ing a ochrometer, and the m conductivity thereof was calculated from the thickness thereof. Then, the ionic con- 
ductivity was about 1/4 of that exhibited in Experiment 5. 

[0132) Besides the ion conductive member of the polymers-electrolyte film obtained was observed with an electron 
microscope, but the layered structure as exhibited in Experiment 5 was not seen. 



Smhl^! " r JS,!' artS ° f m * yl metnacf y ,ate as a mxmw. 10 parts of ^(S-acrytoyloxyhexyloxy)^. 
r^^. 38 ! ^wystalfine monomer. 5 parts of bisphenol-A diacrylate reserving a structure Jr^Tof iiq- 
ud-cryst^rty and serving as a cross-finking agent, and 5 parts of 2, 2'-azobisisobutylonrtrile as an initiator, and p i 
pylene carbonate was added by 100 parts to the mixed solution. The resulting mixed solution was inserted into* cell 
T^l^H^u^ ,T °? a !! d 9la6S 8ubEtra,es ^ which had a cell gap of 50 microns, and an electric field 
eet£Z^^ ) T^? e ^ ,h9,T0eleC,rod8S - a*"*""* the cell was heated at 70-C with the 
™i!i^L^ ;» 3 T 6 " 2 " 10 reaCfen 30(1 a reaction were induced. Then, afilmy pol- 

* W ' erthe 'Secular liquid crystal in the polymer gel obtained was washed and removed with 
SfftT ?/ l eSUmn9P , 0,ym9r f waS caused to ^ a " 8| «*°'^ of 1 mol/Bter in which lithium tetrafbor- 
o^ate msdssolved in propylene carbonate. Thus, an ion conductive member of the polymer gel electrolyte was 
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[01 34] As in Experiment 1 . the resistance of the ion conductive member was measured by an impedance measure- 
ment employing a rrnlliohmmeter, and the tonic conductivity thereof was calculated from the thickness thereof. Besides, 
when the configuration of the polymer gel electrolyte obtained was observed with an electron microscope, a sectional 
structure in which a layered structure perpendicular to the applied electric field was oriented was seen. 

COMPARATIVE EXPERIMENT 6: 

[01 35] In Experiment 6, methyl methacrylate was added as a liquichcrystalline monomer instead of 4-(6-acryloytaxy- 
hexyloxy)-4'-cyanobiphenyi, and efhyleneglycol dimethacrylate was added as a cross-finking agent instead of bisphe- 
nc+-A oTacrylate exhtoitive of liquid-crystalBnity. As in Experiment 6. a ceB was heated at 70«C to induce a polymerizing 
reaction and a cross-finking reaction. Thus, a filmy polymer gel was obtained. After the polymer gel obtained was 
washed with tetrahydrofurane to remove the tow-molecular liquid crystal. It was impregnated with an electrolyte solution 
of 1 mol/liter in which lithium tetrafluoroborate was dissolved in propylene carbonate, so as to carry the electrolyte solu- 
tion. Then, an ion conductive member containing the polymer gel electrolyte was prepared. 
[0136] As in Experiment 1. the resistance of the polymer gel electrolyte was measured by an impedance measure- 
ment employing a rrilSohmmeter. and the ionic conductivity thereof was calculated from the thickness thereof. The Ionic 
conductivity was about 1/3 of that exhibited in Experiment 6. 

[0137] Also, when the configuration of the polymer gel electrolyte obtained was observed with an electron micro- 
scope, the layered structure perpendicular to the applied electric field was not seen. 

EXPERIMENT 7: 

[01 38] 1 .7 part of Methylene tetramine and 3.6 parts of lithium tetrafluoroborate were mixed into 20 parts of polyCy- 
benzyi-L-glutamate) being a polymer exhibhlve of Md-crystalBnity and 80 parts of 1. 4-dtoxane. The resulting mixed 
solution was inserted into a cell which was constituted by two sheets ot tetraftuoroethylane polymer and which had a 
cell gap of 50 microns. The resulting gapped cell was sandwiched between the N-pole and S-pole of a samanum - 
cobalt anisotropic magnet having a residual (lux density of 1 tesla. whereby a magnetic field was applied to the mixed 
solution. Subsequently, the cell was let stand at 75«C tor 7 days. Then, a polymer gel film was obtained. Further, the 
obtained film was washed with 1 , 4-dioxane. and it was impregnated with an electrolyte solution ol 0.5 mol/liter in which 
lithium tetrafluoroborate was dissolved in 1 . 4-dioxane. so as to carry the electrolyte solution. Then, a filmy polymer-gel 
electrolyte intended was obtained. 

[0139] When the configuration of the polymer gel electrolyte obtained was observed with an electron microscope, a 
sectional structure in which a regular columnar structure was oriented in parallel with the applied magnetic field (with 
the vector ot the magnetic line of force) was 6een. 

COMPARATIVE EXPERIMENT 7: 

[0140] A polymer gel film was prepared in the same way as in Experiment 7, except the condition that the polymer 
poWr-benzyl-L-glutamate) exhibrSve of liquid-crystallinity used in Experiment 7 was replaced with poly(methyl methacr- 
ylate). Further, a polymer gel electrolyte was prepared in the same way as in Experiment 7. Subsequently, as in Exper- 
iment 7 the resistance ot the polymer gel electrolyte was measured by an impedance measurement employing a 
milliohmmeter, and the ionic conductivity thereof was calculated from the thickness thereof. Then, the tonic conductivity 
was about 1/4 of that exhibited in Experiment 7. 

[0141 ] Also, when the configuration of the polymer gel electrolyte obtained was observed with an electron rracro- 
scope, the sectional structure in which the regular columnar structure was oriented in parallel with the applied magnetic 
field was not seen. 

EXPERIMENT 8: 

[0142] In a mixed solution consisting of 30 parts of potassium palmitate as a surfactant and 70 parts of ion-exchanged 
water nitrogen gas was bubbled for gas substitution. Next, 8.76 parts of ethyleneglyeol monomethylether methacrylate 
as well as 054 part of ethyleneglyeol dimethacrylate. and 0.03 part of potassium peroxosulfate as a polymerization ini- 
tiator were added and agitated to prepare a mixed solution. Thereafter, the mixed solution obtained was cast onto a 
glass substrate coated with an indium - tin oxtda (TO), and it was heated to 75°C, whereby polymerizing and cross- 
linking reactions were induced. Then, a polymer f ilm was obtained. Subsequently, the polymer film formed on the glass 
substrate was repeatedly immersed in fresh methanol until the surfactant was removed. Next, the resulting polymer film 
was caused to absorb the propylene carbonate solution of 1 mol/liter of lithium tetrafluoroborate. Thus, an ton conduc- 
tive member was manufactured. 
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[0143] The ion conductive member was sandwiched between the above glass substrate and another rTO-coated 
glass substrate, the resUting structure was connected as ilrustrated m fig. & and me conc^ 
ductrve member was measured by a mffllohmmeter in the same way as in Experiment 1. 

[0144] Besides, when the ton conductive member of the polyrner^el-etectrolyte flm obtained was observed with an 
electron microscope, a columnar structure was seen. 

COMPARATIVE EXPERIMENTS 

[0145] The processing steps of Experiment 8 were conformed to except that the surfactant in Experiment 8 was not 
use* and that a cross-linHng reaction was induced by irradiation with light. Thus, a polymer gel film was prepared on 
an ITO-coated glass substrate. The polymer gel was sandwiched between the above glass substrate and another ITO- 
coated glass substrate. As In Experiment 1 . an impedance measurement was performed, and the tonic conductivity of 
the polymer gel film was calculated from the thickness thereof. Then, the ionic conductrvtly based on the measurement 
of the resistance of the f 3m was about 1/2 of that exhibited in Experiments. 

[0146] Besides, when the configuration of the polymer gel electrolyte formed by the above process was observed with 
an electron microscope, the regular columnar structure as exhibited in Experiment 8 was not seen. 

EXPERIMENTS: 

I0 .1 4 ZL 60partS0 ' N-(4-ethoxybenzylidene^'-butylan8in e ) being a low-molecular liquid crystal, with tetrahydrof urane 
added thereto, was dissolved in 40 parts of polycarbonate as the matrix of a polymer, thereby to form a mixed solution 
Thereafter, an electrolyte solution of 1 moWite/ in which lithium tetrafluoroborate was dissolved in propylene carbonate 
was rmxed into the above mixed solution. Then, a paste was prepared. An ITO-coated glass substrate was coated with 
the paste, and it was let stand still in a state where a magnetic field of 2 teslas was applied in a direction perpendicular 
to the resulting ITO-coated glass substrate by an electromagnet Thereafter, the substrate was Irradiated with an elec- 
tron beam so as to induce a cross-linking reaction. Thus, a polymer gel f flm was prepared. Subsequently, the obtained 
film was washed with acetonitrile. and a was impregnated with an electrolyte solution of 1 mol/liler in which lithium 
tetrafluoroborate was dissolved in propylene carbonate, so as to carry the electrolyte solution. Then, a polymer gel elec- 
trolyte was prepared. The polymer-gel-electrolyte film obtained was sandwiched between the above glass substrate 
an l a !!!^ r !I?.' CCated fl^ss substrate. As in Experiment 1. an impedance measurement was performed, and the ionic 
conductivity of the polymer-gel-electrolyte film was calculated from the thickness thereof 

[0148] Besides, when the configuration of the polymer gel electrolyte obtained by the above process was observed 
with an electron microscope, a layered structure perpendicular to the applied magneto field (to the vector of the mao- 
nettc line of force) was seen. * 

COMPARATIVE EXPERIMENT 9: 

S .^^fM^l 1 !!!^ 0 ^ 8 W f added disso,ved imo P^ycarbonate. without adding the low-molec- 
ular tqud crystal N-(4-ethoxyben2yndene-4'-butylaniline). thereby to form a mixed solution. Thereafter, an electrolyte 
solution of 1 mol/irter in which lithium tetrafluoroborate was dissolved in propylene carbonate was mixed into the above 
rrnxed so ut.cn Then, a paste was prepared. An ITO-coated glass substrate was coated with the paste, and it was irra- 
diated vnth an electron beam so as to induce a cross-linWng reaction. Thus, a polymer gel film was prepared Subse- 
quent the obtained film was washed with acetonitrile, and it was impregnated with an electrolyte solution of 1 mol/fiter 
in wtuch lithium letraftuoroborate was dissolved in propylene carbonate, so as to carry the electrolyte solution Then a 
polymer gel electrolyte was prepared 

[0150] As in Experiment 9. an impedance measurement was performed, and the ionic conductivity of the polymer- 
gel-electrolyte film was calculated from the thickness thereof. Than, the ionic conductivity based on the measurement 
of the resistance of the film was about 1/4 of that exhibited in Experiment 9. Besides, when the configuration of the pol- 
ymer gel electrolyte obtained by the above process was observed with an electron microscope, the regular layered 
structure perpendicular to the applied magnetic field as seen in Experiment 9 was not seen. 

EXPERIMENT 10: 

S d^rr'rl 8 ^ * aa l" amide ' 2 01 "* 1 P*" °» meth y |ene tfcacrylamide. 20 parts of 
sodium dcdecylsulfonate being an amomc surfactant. 0.4 part of 2. ^-azobisisobutylonrlrUe being an initiator, and 92 

Z!^!I?ri? ""If !^ U " in9 n4ffld solu,IQn sub i 9cted to radfcal polymerization at 70°C in a nitrogen 
^stated. Then, a granular polymer gel was obtained. The gel was washed with methanol to 
remove the surfactant, and was dned. Carboxymethyl cellulose was mixed by 5 parts to 95 parts of the granular polymer 
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gel obtained, and a solution of 50% acetone - 50% ion-exchanged water was added to the mixture, whereby a paste 
was prepared. The paste was applied onto an ITO-coated glass substrate, and was dried. The resulting paste was 
Impregnated with a potassium-hydroxide aqueous solution of 30 welgM-% containing 2 welght-% of lithium hydroxide. 
Thus, a layer of polymer gel electrolyte having a thickness of 50 microns was termed. The electrolyte layer was sand- 
wiched between the above glass substrate and another ITO-coated glass substrate. As in Experiment 1 , an impedance 
measurement was performed, and the tonic conductivity of the electrolyte layer was calculated from the thickness 
thereof. 

[0152] Also, the granular polymer gel electrolyte obtained by the above process was observed with an electron micro- 
scope, and a regular layered structure was seen in the granular polymer gel 

COMPARATIVE EXPERIMENT 10: 

[0153] Polymer gel grains were obtained in conformity with the operations of Experiment 1 0 on condition that the sur- 
factant used in Experiment 10 was not added. Carboxymethyl cellulose was mixed by 5 parts to 95 parts ol the polymer 
gel powder obtained, and a solution of 50% acetone - 50% ion-exchanged water was added to the mixture, whereby a 
paste was prepared. The paste was applied onto an ITO-coated glass substrate and was dried, and it was impregnated 
with a potassium-hydroxide aqueous solution of 30 weight-% containing 2 weight-% of lithium hydroxide, whereby a pol- 
ymer gel layer having a thickness of 50 microns was formed as in Experiment 10. The polymer gel layer was sand- 
wiched between the above glass substrate and another ITO-coated glass substrate, and the ionic conductivity of the 
layer was measured. Then, the ionic conductivity based on the measurement of the resistance of the layer was about 
1/3 of that exhibited in Experiment 1 0. 

[0154] Besides, when a granular polymer gel electrolyte obtained by the above process was observed with an electron 
microscope, the regular layered structure as seen in Experiment 10 was not seen in the granular polymer gel. 

EXPERIMENT 11: 

[01 55] There were mixed 5 parts of vinyl acetate. 5 parts of methyl acrytate, 0.4 part of 2. 2'-azcfcisiscrbutykmiWle. 40 
parts of potassium palrritftate as a surfactant and 60 parts of ion-exchanged water. The resulting mixed solution was 
subjected to radical polymerization at 70"C in a nitrogen atmosphere while being agitated. Thereafter, the resulting pol- 
ymer was saponified and cross-linked at 40»C m a methanol aqueous solution of 1 mol/liter containing 20 weight-% of 
sodium hydroxide. Then, polymer get grains were obtained. The gel was washed with methanol to remove the sur- 
factant and was dried. Carboxymethyl cellulose was mixed by 5 parts to 95 parts of the polymer gel powder obtained, 
and a solution of 50% acetone - 50% ion-exchanged water was added to the mixture, whereby a paste was prepared. 
The paste was applied onto an ITO-coated glass substrate, and was dried. The resulting paste was caused to absorb 
a potassium-hydroxide aqueous solution of 30 weight-% containing 2 weight-% of lithium hydroxide. Thus, a layer of 
polymer gel having a thickness of 50 microns was formed. The polymer gel layer was sandwiched between the above 
glass substrate and another ITO-coated glass substrate. As in Experiment 1, an impedance measurement was per- 
formed, and the ionic conductivity of the polymer gel layer was calculated from the thickness thereof. 
[0156] Also, a granular polymer gel electrolyte, which was prepared in such a way that the polymer gel powder 
obtained by the above process was caused to absorb an aqueous solution of potassium hydroxide, was observed with 
an electron microscope, and a regular columnar structure was seen. 

COMPARATIVE EXPERIMENT 1 1 : 

[0157] Polymer gel grains were obtained in conformity with the operations of Experiment 1 1 on condition that the sur- 
factant used in Experiment 1 1 was not added. Carboxymethyl cellulose was mixed by 5 parts to 95 parts of the polymer 
gel powder obtained, and a solution of 50% acetone - 50% ion-exchanged water was added to the mixture, whereby a 
paste was prepared. The paste was applied onto an ITO-coated glass substrate and was dried, and it was impregnated 
with a potassium-hydroxide aqueous solution of 30 weight-% containing 2 weight-% of lithium hydroxide, whereby a pol- 
ymer gel layer having a thickness of 50 microns was formed as in Experiment 1 1 . The polymer gel layer was sand- 
wiched between the above glass substrate and another ITO-coated glass substrate, and the Ionic conductivity of the 
layer was measured as in Experiment 1 1 . Then, the ionic corriuctrvity based on the measurement of the resistance of 
the layer was about 1/3 of that exhibited in Experiment 1 1 . 

[0158] Besides, when the configuration of a granular polymer gel electrolyte obtained by the above process was 
observed with an electron microscope, the regular columnar structure as seen in Experiment 1 1 was not seen. 
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EXPERIMENT 12: 

[01591 30 parts of ion-exchanged water were mixed to 70 parts of hydroxypropyl cellulose being a polymer exhWtive 
of liquid-crystal Brtty, thereby to prepare a paste. The paste was applied onto an (TO-coated glass substrate, and it was 
irradiated with an electron beam with the hydroxypropyl cellulose being in the state of a rheotropic liquid crystal, so as 
to induce a cross-linking reaction. Then, a polymer gel film was prepared. After the polymer gel f Bm was dried, it was 
impregnated with a potassium-hydroxide aqueous solution of 30 welght-% containing 2 weight-% ol lithium hydroxide, 
whereby a polymer gel layer having a thickness of 50 microns was formed. The polymer gel layer was sandwiched 
between the above glass substrate and another ITD-coated glass substrate. As in Experiment 1. an Impedance meas- 
urement was performed, and the ionic conductivity of the polymer gel layer was calculated from the thickness thereof 
[01 60] Besides, when the configuration of a polymer gel electrolyte obtained by the above process was observed with 
an electron microscope, a regular columnar structure was seen. 

COMPARATIVE EXPERIMENT 12: 

[0161] Hydroxypropyl cellulose being a polymer exhibitive of liquid-crystallinity as was used in Experiment 12, was 
replaced with polyvinyl alcohol. In the same way as in Experiment 12, a paste was irradiated with an electron beam so 
as to induce a cross-linking reaction. Then, a polymer gel film was prepared on an ITO-coated glass substrate. After the 
polymer gel tim was dried, it was impregnated with a potassium-hydroxide aqueous solution of 30 weight-% containing 
2 weight-% of lithium hydroxide, whereby a polymer gel layer having a thickness of 50 microns was formed. The poly- 
mer gel layer was sandwiched between the above glass substrate and another ITO-coated glass substrate. As in Exper- 
iment 1, an impedance measurement was performed, and the Ionic conductivity of the layer calculated from the 
thickness thereof. The ionic conductivity based on the measurement of the resistance of the layer was about 1/2 of that 
exhtoHed in Experiment 12. 

[0162] Besides, when the configuration of a granular polymer gel electrolyte obtained by the above process was 
observed with an electron microscope, the regular columnar structure as seen in Experiment 12 was not seen. 

ESTIMATION OF IONIC CONDUCTIVITY: 

[0163] As explained before, the tonic conductivities of the ton conductive members (polymer gel electrolytes) manu- 
factured by Experiments 1 to 12 (experimental examples) and Comparative experiments 1 to 12 were obtained by the 
impedance measurements. Table 1 below lists up the proportions of the ionic conductivities in the experimental exam- 
ples to those in the respectively corresponding comparative experiments. 

[01 64] As indicated in Table 1 . the ionic conductivities of all the ion conductive members (polymer gel electrolytes) in 
the experimental examples were higher than those of the structures in the corresponding comparative experiments It 
is consequently understood that a higher ionic conductivity is attained by manufacturing an ionic conductive structure 
in accordance with the method of the present invention. 
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Table 1 



5 




Compound for 


Addition of Bec- 
tro-tyte* 


Application of 
Else or Mag. field 


Shape of Poly- 


tonic cond.: 
Experiment/ 
Comp. experi- 
ment 




Exp.1 


Surfactant 


Absent 


None 


Grains 


3.2 


10 


Connp. exp 1 




A^nl 


None 




1.0 




Exp.2 


Low-mot Liq. 
Crystal 




Elec. field 


Film 


5.1 




Comp exp. 2 


None 


Absent 


Elec. field 


Film 


1.0 


ie 


Exp. 3 


Low-mol Liq. 
Crystal 


Present 


Mag. field 


Film 


4.1 




Comp. exp. 3 




A^seTS" 


Mag. field 




1.0 


so 


Exp. 4 




Crystal 




Elec. field 


Fin" 


5.7 




Comp. exp. 4 





A^nl 


N^~ 


Film 


1.0 




**** 








Film 


3.9 




Comp. exp. 5 


None 


Abiert 

Absent 


None 


Film 


1.0 


2S 


Exp. 6 


mono-mer/Cross- 
link agent 




Elec. field 




2.7 




Comp. exp. 6 


None 


Absent 


None 


Film 


1.0 


30 


Exp. 7 


Uq. Crystalline 
polymer 


Absent 


Mag. field 


Film 


4.0 




Comp. exp 7 


None 


Absent 


Mag. field 


Film 


1.0 


3S 


Exp. 8 


Surfactant 


Absent 


None 


Rim 


2.1 




Comp. exp. 8 


None 


Absent 


None 


Film 


1.0 




Exp. 9 


Low-mol. Liq. 
Crystal 


Present 


Mag. field 


Film 


3.9 




Comp. exp. 9 


None 




None 


Rim 


1.0 




Exp 10 


Surfactant 


Absent 




Grains 


3.0 




Comp. exp. 10 


None 


Absent 


None 


Grains 


1.0 




Exp. 11 


Surfactant 


Absent 


None 


Grains 


2.7 


45 


Comp. exp 11 


None 


Absent 


None 


Grains 


1.0 




Exp. 12 


Liq. Crystalline 
polymer 


Absent 




Film 


2.0 




Comp. exp 12 


None 


Absent 


None 


\ Rim 


1.0 



• The column of the -addition ol an electrolyte- indicates whether or not any electrolyte was added for the preparation of a gel. 
•• The column of the -8005081100 of an electric field or magnetic field- indicates an expedient for actuating an orienting agent. 
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[VERIFICATION OF ANISOTROPIC CONDUCTION] 
EXPERIMENT 13: 

s [0165] In order to verify the anisotrapy of the ionic conductivity of the ion conductive meiriaeraecortling to the presettl 
invention, processes to be explained below were employed for preparing polymer gel electrolytes and for measuring the 
Ionic conductivities thereof. 

[0166] A glass-made container 901 as shown in Rg. 9 was in the shape of a square pillar having dimensions of 15 
mm x 1 5 mm (internal area) x 50 mm (depth). Four nickel plates as electrodes 902. each of which had dimensions of 1 

10 mm (thickness) x 10 mm (width) x 20 mm (height) and to each of which an insulated lead, not shown, was connected, 
were respectively arranged on the surfaces of the four inside walls of the container 901 in close adhesion with these 
surfaces in such a manner that the center fines of the nickel plates and those of the inside wall surfaces of the glass 
container coincided so as to prevent the nickel plates from touching with one another. Subsequently, there were mixed 
70 parts of acrytonitrile, 30 parts of 4K6-acr,1cvtoxyhexyloxy)-4 f cianobiprienyi as a liquid-crystalline monomer, 6.5 

is parts of 1 . 6-hexanediol diacrylate as a cross-linking agent, and 1 part of 2. 2'-dimethoxy-2-phenylacetophenone as an 
initiator, and a mixed solvent of toluene - dimethyl sulfoxide at 50 : 50 was added to the mixed solution. The resulting 
mixed solution was inserted into the glass container 901 so as to cover the nickel plates, and an electric field of A. C. 
1 00 V (at 400 Hz) was applied across the electrodes being one set of opposing nickel plates, whereby the liquid-crystal 
monomer was oriented. No electric field was appO ed across the other set of opposing nickel plates. 

to [01 67] Subsequently, ultraviolet rays were projected from above the surface of the mixed solution filled in the glass 
container 901, with the electric field kept applied, whereby a polymerizing reaction and a cross-linking reaction were 
induced Then, a polymer gel was obtained. After the polymer get obtained was washed with tetrahydrofurane. the 
resulting polymer gel was caused to absorb an electrolyte solution of 1 moWiter in which lithium tetrafluoroborate was 
dissolved in propylene carbonate. Thus, a polymer gel electrolyte was prepared. The above series of operations were 

25 performed in a nitrogen gas atmosphere. 

[0168] Next, the impedance of the polymer gel electrolyte, which was prepared within the glass-made container 901 
shown in Fig. 9 and which was sandwiched between the nickel plates of the opposing electrodes 902. was measured 
by the same operations as in Experiment 1 . and the ionic conductivity of the electrolyte was calculated. As a result the 
ionic conductivity in the direction in which the electric field was applied during the preparation of the polymer gel is 

30 about 9 times as high as the ionic conductivity in the direction in which the electric field was not applied, and H has been 
verified that the direction of tonic conduction is anisotropic. 

EXPERIMENT 14: 

35 [0169J A polymer gel electrolyte for verifying the anisotropy of the ionic conductivity thereof was prepared in the same 
way as in Experiment 13. except that different materials to be stated below were employed for the mixed solution of the 
starting materials of a polymer gel and that polymerizing and cross-linking reactions were induced by the thermo- 
decompositon of an initiator. More specifically, the mixed solution in Experiment 1 3 was replaced with a mixed solution 
which was obtained by mixing 50 parts of methyl methacrylate as a monomer. 5 parts of ethyleneglycol dimethacrytate 

40 as a cross-Unking agent. 40 parts of N-(4-ethcxybenzylidene-4'-bulylaniline) being a low-molecular liquid crystal as a 
template, and 5 parts of 2, ?-azobisisobutylonitrile as the initiator, and by adding 100 parts of propylene carbonate to 
the preceding materials. As in Experiment 13, the resulting mixed solution was inserted into the glass container 901 so 
as to cover the electrodes 902 of the nickel plates, and an electric field of A C 100 V (at 400 Hz) was applied across 
the electrodes of one set of opposing nickel plates, whereby the liquid-crystal monomer was oriented. No electric field 

4S was applied across the other set of opposing nickel plates. 

[01701 Subsequently, the mixed solution was healed to 75'C with the electric field kept applied, whereby a polymer- 
izing reaction and a cross-linking reaction were induced. Then, a polymer gel was obtained. After the polymer gel 
obtained was washed with tetrahydrofurane, the resulting polymer gel was impregnated with an electrolyte solution of 
1 moWiter in which lithium tetrafluoroborate was dissolved In propylene carbonate, so as to carry the electrolyte sdu- 

so tton. Thus, a polymer gel electrolyte was prepared. 

[0171 ] Next the impedance between the nickel plate electrodes across which the electric field was applied during the 
preparation of the polymer gel. and the impedance between the nickel plate electrodes across which the electric field 
was not applied, were measured by the same operations as in Experiment 1 , and the ionic conductivity of the electrolyte 
was calculated. As a result the Ionic conductivity in ihe direction in which the electric field was applied during the prep- 

ss aration of the polymer gel is about 12 times as high as the ionic conductivity in the direction in which the electric field 
was not applied, and it has been verified that the direction of ionic conduction is anisotropic. 
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[MANUFACTURE OF SECONDARY BATTERY] 

[0172] A sheetlike secondary battery of "name card" size (55 mm x 90 mm x 0.5 mm (thickness)) having a cordigu- 
ration shown in Fig. 6 was manufactured as an embodiment by the use of a polymer gel electrolyte prepared by the 
same process as in any of Experiments 1 to 12. Besides, a sheetlike secondary battery of "name card" size (55 mm x 
90 mm x 0.5 mm (thickness)) having the configuration shown In Fig. 6 was manufactured as a comparative example by 
the use of a polymer gel electrolyte prepared by the same process as In any of Comparative Experiments 1 to 12, in 
order to compare the performances ol the secondary battery of the present invention and that of the comparative exam- 
pla In both the embodiment and the comparative example, the secondary batteries were manufactured as ones in each 
of which the capacity of a positive electrode is larger than that of a negative electrode, so that the capacity of the battery 
is determined by the negative-electrode capacity. 

[0173] There will now be explained the fabricating steps of the individual constituents of the battery and the assem- 
blage of the battery. 

EMBODIMENT 1: 

[0174] A sheetlike battery was manufactured in such a way that a negative electrode and a positive electrode were 
fabricated and were respectively formed with oolymer-gel-eleclrolyte layers on their surfaces to be opposed, that the 
negative electrode and positive electrode were laminated together with the sides of the polymer-gel-electrolyte layers 
opposed to each other, and that the resulting structure was sealed with moisture-proof films. These fabricating steps 
will be detailed below with reference to Fig. 6. 

(1) Fabricating steps of Negative electrode 604 
[0175] 

1) A collector 606 made of a copper toil being 1 8 microns thick, was washed with acetone as well as isopropyl alco- 
hol and was dried. Thereafter, with the copper foil set as a cathode and an SUS plate set as an anode being a coun- 
ter electrode, a current of 28 mA/cm 2 was caused to flow in electrolyte solution for tin - electroplating (an aqueous 
solution containing 40 grJI. of tin sulfate, 60 grA of sulfuric acid and 2 grA of gelatine). Thus, a layer (first layer) 
605 of tin grains having diameters of 10 microns or below was formed on one surface of the copper foil (collector 
606) to a thickness of 30 microns. 

2) Subsequently, the copper fbfl overlaid with the tin layer was cut into a predetermined size, and a lead of nickel 
wire was connected to the resulting copper toil by spot welding. Then, a negative electrode 604 was obtained. 

(2) Fabricating steps of Positive electrode 607 
[0176] 

1) After lithium carbonate and cobalt carbonate were mixed at a mol ratio of 1 : 2. the resulting mixture was heat- 
treated by an air flow at 800°C. Then, a lithium - cobalt oxide was prepared. 

2) 3 parts ol carbon powder of acetylene black and 5 parts of polyvinylidene-fluorfde powder were mixed into 92 
parts of the lithium - cobalt oxide prepared at the above step 1 . Thereafter. N-methyl pyrrolidone was added to the 
resulting mixture. 

[0177] A paste obtained at the above step 2 was applied onto a collector 609 made of an aluminum foil being 20 
microns thick, and was dried. Thereafter, the thickness of the layer of the positive-electrode active material 608 (the 
paste) was adjusted to 90 microns by a roll press machine. Further, a lead of aluminum was connected to the aluminum 
foil formed with the active material layer, by an ultrasonic welder, and the resulting structure was dried at 150*C under 
a reduced pressure. Then, a positive electrode 607 was obtained. 

(3) Formation of Polymer gel layers on Surfaces of Negative electrode and Positive electrode 
[0178] All operations were performed In an argon gas atmosphere. 

[0179] There were mixed 80 parts of ethyleneglycol monomethylether methacrylate. 20 parts of 4-(6-aayloytaxyhex- 
yloxyM'-cyanobiphenyl as a liquid-crystalline monomer, 8.5 parts of 1 , 6-haxanediol dJacrylata as a cross-linking agent 
and 1 part of 2, 2'-dimethoxy-2-phenylacetophenon8 as an initiator. An electrolyte solution of 1 mol/Gter in which lithium 
tetrafluoroborate was dissolved in propylene carbonate was added by 400 parts to the mixed solution. The resulting 
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mixed solution was applied onto the active material layers of the negative electrode and positive electrode fabricated as 
explained in the above items (1 ) and (2), and a masnetic field of 2 teslas was applied in a direction perpendicular to the 
planes of the electrodes by an electromagnet whereby the liquid-crystal monomer was oriented. Thereafter, the result- 
ing structure was irradiated with ultraviolet rays to induce a polymerizing reaction and a cross-linking reaction. Then, 
the negative electrode and positive electrode formed with respective layers of a polymer gel electrolyte were obtained. 

(4) Assemblage of Secondary battery 

[0180] All operations were performed in an argon gas atmosphere. 

[0181 J The polymer-gel-electrolyte layers of the negative electrode and positive electrode obtained as explained in 
the above item (3), were further impregnated with an electrolyte solution of 1 mol/fiter in which lithium tetrafluoroborate 
was dissolved in propylene carbonate, so as to carry the electrolyte solution. Thereafter, the negative electrode and 
positive electrode were laminated together so thai their polymer-gel-electrolyte layers might mate with each other. The 
lead parts of the electrodes, however, were prevented from overlapping to short-circuit 

[0182] The negative and positive electrodes laminated together were sandwiched between two moisture-proof films 
each of which was a layer film of polypropylene/aluminum foil/polyethylene terephthalate. Thereafter, the resulting 
structure was put into a pressure reducing apparatus to which an evacuation device including a vacuum pump was con- 
nected, and the interior thereof was brought into a reduced-pressure atmosphere so as to draw out gases. Subse- 
quently, the resulting structure was sealed by fusion-welding the edge parts of the moisture-proof films. Then, the 
sheetlika battery shown in Fig. 6 was manufactured 

COMPARATIVE EXAMPLE 1 : 

[0183] A sheetlike battery was manufactured in the same way as in Embodiment 1, except the following difference 
from Embodiment 1 : In this comparative example, in the formation of the polymer gel layers on the surfaces of the neg- 
ative and positive electrodes as explained in the above Hem (3) of Embodiment 1, methyl acrylate was used instead of 
4-(6-acryloylQxyr(exyloxy)-4 , -<vanc^henyl being the liquid-crystalline monomer. That is, in this example, the liquid- 
crystal monomer serving as the template in Embodiment 1 was not used. 

[Estimation of Batteries in Embodiment 1 and Comparative example 1] 

[0184] Regarding each of the secondary batteries of Embodiment 1 and Comparative example 1 manufactured by the 
foregoing steps, the same device as in Experiment 1 (a device shown in Fig. 8) was connected to the positive electrode 
terminal and negative electrode terminal of the battery, and the internal resistance of the battery was measured with a 
measurement signal of 1 kilohertz. 

[0185] Besides, a charge-and-discharge test was carried out under the conditions that one cycle consisted of charge 
and discharge of 05 C (electric current of 0.2 times a capacity/an hour) with the capacity of the manufactured second- 
ary battery assumed to be a value calculated from the weight of the negative electrode, ard a rest time period of 30 
minutes, and that the cutoff voltage of the charge was set at 4.5 V, while the cutoff voltage of the discharge was set at 
2.8 V. Incidentally, the charge-and-discharge test was started with the charge, and three cycles of charge-and-dis- 
charge were repeated. As to the internal resistance and the discharge capacity of the third cycle, the respective values 
of the battery in Embodiment 1 were estimated with the normalization that the values ol the battery in Comparative 
example 1 were set at 1 .0. The results of the estimation are indicated in Table 2 below. It has been revealed that with 
the battery of Embodiment 1 , the internal resistance can be made lower than in the battery of Comparative example 1 , 
while the capacity of discharge can be made larger. 



TABLE 2 





Internal Resistance 


Capacity of Discharge 


Embodiment 1 /Comparative ex 1 


0.19 


1.3 



EMBODIMENT 2: 

[0186] A sheetlike battery constructed as shown in Fig. 6 was manufactured in such a way that a negative electrode 
and a positive electrode were fabricated and were respectively formed with potymer-gel-electrolyte layers on their sur- 
faces to be opposed, that the negative electrode and positive electrode were laminated together with the sides of the 
polymer gel layers opposed to each other, and that the resulting structure was sealed with moisture-proof tarns. These 
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fabricating steps will be explained with reference to Fig. 6. 

(1) Preparation of Granular polymer gel 

[0187] A reaction vessel was filled with dried nitrogen gas. 1 S.0 parts of porycoyethylene hexadecytether being a non- 
ionic surfactant which was employed as a compound having a molecular structure to serve as a template, and 275 
parts of ion-exchanged water, were put into the reaction vessel and were agitated. Subsequently, 8.76 parts of diethyl- 
enegfycol monomethylether methacrytste and 0.24 part of ethyteneglycol dimettiacrylate were agitated well and were 
dropped into a three-necked flask by the use of a dropping device, and the resulting system was agitated well until it 
became uniform. Further, an aqueous solution in which 0.03 part of potassium peraxosutfate was dissolved in 1 0 parts 
of ion-exchanged water was dropped as a polymerization initiator into the three-necked flask by the use of the dropping 
device. Polymerization was performed at 75°C for 7 hours while the interior of the three-necked flask was being agi- 
tated. Thereafter, a granular polymer gel obtained was washed with water end ethand and was dried. Then, a powdery 
cross-linked polymer was obtained. 

(2) Fabrication of Negative electrode 604 

[0188] A negative electrode 604 was fabricated by the same steps as in Embodiment 1 . 

(3) Fabrication of Positive electrode 607 
[0189] 

1) After lithium nitrate and nickel carbonate were mixed atamol ratio of 1 . 1 , the resulting mixture was heat-treated 
in an air flow at 750°C. Then, a lithium - nickel oxide was prepared. 

2) 3 weight-% of carbon powder of acetylene Hack, 4 weight-% of polyvinyfidene fluoride powder, and 1 weight-% 
of granular polymer gel obtained by the operations of the above Item (1). were mixed into the lithium - nickel oxide 
prepared at the above step 1. Thereafter, N-m ethyl pyrrofidone was added to the resulting mixture. 

[0190] A paste obtained at the above step 2 was applied onto a collector 609 made of an aluminum foil being 20 
microns thick, and was dried. Thereafter, the thickness of the layer of the posrBve-electrode active material 608 (the 
paste) was adjusted to 90 microns by a roll press machine. Further, a lead of aluminum was connected to the aluminum 
foil formed with the active material layer, by an ultrasonic welder, and the resulting structure was dried at 150°C under 
a reduced pressure. Then, a positive electrode 607 was obtained. 

(4) Formation of Polymer gel layers on Surfaces of Negative electrode and Positive electrode. 
[0191] All operations were performed in an argon gas atmosphere. 

1) 10 parts of polyethylene oxide as a supporting material for the polymer gel in the shape of fine grains obtained 
by the operations of the above Hem (1). were mixed into 90 parts of the granular polymer gel, and n-hexane was 
added to the resulting mixture. Then, a paste was prepared. 

2) The paste prepared by the above step 1 was applied onto the negative-electrode active material layer fabricated 
by the operations of the above item (2) and the posrBve-electrode active material layer fabricated by the operations 
of the above Bern (3), and it was dried. Then, polymer gel layers were formed on the surfaces of the negative-elec- 
trode active material layer and the positive-electrode active material layer. 

(5) Assemblage of Secondary battery 

[01 92] All operations were performed in an argon gas atmosphere. 

[01 93] The polymer-gel-electrolyte layers of the negative electrode and positive electrode obtained as explained in 
the above Hern (4). were further caused to absorb an electrolyte solution of 1 mol/liter in which fithium tetrafluoroborate 
was dissolved in propylene carbonate, so as to form polymer-gel-electrolyte layers. Thereafter, the negative electrode 
and positive electrode were laminated together so that their polymer-gel-electrolyte layers might mate with each other. 
The lead parts of the electrodes, however, were prevented from overlapping to short-circuit 
[0194] The negative and positive electrodes laminated together were sandwiched between two moisture-proof films 
each of which was a layer film of polypropylene/aluminum foil/polyethylene terephthalate. Thereafter, the resulting 
structure was put into a pressure reducing apparatus to which an evacuation device including a vacuum pump was con- 
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nected, and the interior thereof was brought into a reduced-pressure atmosphere so as to draw out gases Subse- 
^ *«*™ ™ s sealed by fusion-welding the edge parts of the moisture-proof films. Then, the 

sheetlike battery as shown in Fig. 6 was manufactured. 

COMPARATIVE EXAMPLE 2: 

[0195] A sheetlite battery was manufactured in the same way as in Embodiment 2, except the following point: In this 
cor^we example, in the preparation of the granular polymer gel as explained h the above Kern (1) of Embedment 
z. tne surfactant was not used. 

[Estimation of Batteries in Embodiment 2 and Comparative example 2) 

[0198] Regarding each of the secondary batteries manufactured by tha foregoing steps, the same device as In Exper- 
iment 1(a device shown in Fig, 8) was connected to the positive electrode terminal and negative electrode terrninal of 
the tettery. and the internal resistance of the battery was measured with a measurement signal of 1 Wtohenx 
in^h!!f d 1^/ 9 ,r^ d<feChar9e Redout under the conditions that one cyde consisted of charge 

ar^™^? ( h r^II 0 2 ^ S C8paCityfen h0U,) 106 of the manufactured secorri- 

'iT V ^TT^ v 5 ue calculaled ,rom *™ W «9M of the negative electrode, and a rest time period of 30 
7^SS!J2^ k 6 W3S S8t a ' 4 5 Vl "** «*°* voltage of the discharge was set at 

charge wS fretted 9 89 teSt with lhe ^'fle. and three cycles of charge-and-efs- 

[0198] As to the internal resistance and the discharge capacity of the third cycle, the respective values of the battery 
m Err^odirnerrt 2 were estimated with the normalization that the values of the battery in Comparative example 2 were 

SnJUlJ? Tf, 0 ? eS 1 Smafcn m indiCa1ed h Table 3 betow " ft ^ been revealed "^battery of 
Bnbo * n "* internal ^stance can be made lower than In the battery of Comparative example 2. while the 
capacity of discharge can be made larger. 





Internal resistance 


Capacity of Discharge 


Embodiment 2/Comparative ex. 2 


0.32 


1.2 



EMBODIMENT 3: 

[01 1 99] A sheetlike battery constructed as shown in Fig. 6 was manufactured in such a way that a negative electrode 
n^n=^ S !L e , e K !• W6f ?.^ Cated and WSre with polymer gel layers on their surfaces to be 

opposed, that the negatove electrode and positive electrode were laminated together with the sides of the polymer ael 
layers opposed to each other, and that the resulting structure was sealed with moisturshproof films. These fabricating 
steps win be explained with reference to Fig. 6. 

(1) Preparation of Mixed monomer solution containing monomers for Formation of Polymer gel electrolyte. 

ESUSL* T**?^™!^ Prepafed SU * 8 way lh * 70 ^ 01 acr Wonrtrile as a monomer, 30 parts of 4-{6-acry- 
oyloxyhexyloxyM -cyanobiphenyl as a liquid-crystalline monomer, 6,5 parts of 1. 6-hexanediol diacrylate asa cross- 
linking agent, and 5 parts of benzoyl peroxide as an initiator were mixed into 550 parts of an electrolyte * ' 

moMHer in which lithium tetrafluoroborate was dissolved in a snh«nt JZ^a .. — 

carbonate at a weight ratio of 50 : 50. 

(2) Fabricating steps of Negative electrode 604 
[0201] 



a solvent consisting of propylene carbonate and ethylene 



A paste was prepared by adding N^rxahyl-2-pyrroltione to 95 parts of fine powder of natural graphite which 
rt-treated at 2000-C in an argon gas flow and 5 parts of powder of polyvinylidene fluoride. After the prepared 
%£ZZXT 606 01 ^ b6in0 18 a0nS *** ^was dried, the thickness of Active 

1 Z ^ 3djlS,ed 10 90 mi ° r0nS * 8 r0B press machine - Tnu8 ' a n «8*«» electrode 604 
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(3) Fabricating steps of Positive electrode 607 

[0202] A positive electrode 607 was obtained by the same steps as in Embodiment 1 . 

(4) Formation of Pclymer-gel-electrolyte layer 

[02031 All operations were performed in an argon gas atmosphere. _ j i 

[0204] Colloidal silica having a grain diameter of 5 microns was dispersed as a spacer on the negative-electrode 
active material layer fabricated in the above item (2). Thereafter, the positive electrode fabricated in the above Hem (3) 
was laminated with the positive-electrode active material layer opposing to the negative-electrode active material layer, 
and the mixed monomer solution containing monomers prepared in the above item (1) was injected between the neg- 
ative electrode and positive electrode defining a gap of 5 microns. Subsequently, a magnetic field of 2 testes was 
appoed by an electromagnet so as to act in a direction perpendicular to the planes of the negative and positive elec- 
trodes, and the initiator was decomposed at 85"C so as to induce the polymerizing and cross-linking reactions of the 
rrixed solution. Thus, a poryrner-sel-electrolyte layer was formed between the negative electrode and the positive elec- 
trode. 

(5) Assemblage of Secondary battery 

[0205] All operations were performed in an argon gas atmosphere. 

[0206] The negative and positive electrodes between which the polymer gel electrolyte prepared in the above item (4) 
was interposed, were sandwiched between two moisture-proof films each of which was a layer f Jm of polypropyl- 
ene/aluminum foil/polyethylene terephthalate. Thereafter, the resulting structure was put into a pressure reducing appa- 
ratus to which an evacuation device including a vacuum pump was connected, and the interior thereof was brought into 
a reduced-pressure atmosphere so as to draw out gases. Subsequently, the resulting structure was sealed by fusion- 
welding the edge parts of the moisture-proof films. Then, the sheet! ike battery as shown in Fig. 6 was manufactured. 

COMPARATIVE EXAMPLE 3-1: 

[0207] A sheetlite battery was manufactured in the same way as in Embodiment 3, except the following: In this com- 
parafive example, in the preparation of the mixed monomer solution containing monomers for the formation of the pol- 
ymer gel electrolyte as explained in the above hern (1) of Embodiment 3. 4-(6-awyloyloxyhexylcxy)-4'-dwobipheriyl as 
a liquid-crystalline monomer serving also as an orienting agent was replaced with 2-ethoxyethyl aerylate. 

COMPARATIVE EXAMPLE 3-2: 

[0208] A sheetlikB battery was manufactured m the same way as in Embodiment 3. except the following: In this com- 
parative example, it was not performed to prepare the mixed solution containing monomers for the formation of the pol- 
ymer gel electrolyte as explained in the item (1) of Embodiment 3 and to form the polymer-gel-electrotyte layer as 
explained in the item (4). A separator which was made of a porous polypropylene film being 25 microns thick, was held 
between the negative and positive electrodes fabricated in the respective items (2) and (3) of Embodiment 3. The sep- 
arator was impregnated wHh an electrolyte solution of 1 mol/titer in which lithium letrafluoroborate was dissolved in a 
solvent consisting of propylene carbonate and ethylene carbonate at a weight ratio of 50 : 50. so as to carry the elec- 
trolyte solution. The resulting structure of the negative electrode/separator (electrolyte solution/positive elecfrodewas 
sandwiched between two moisture-proof films each of which was a layer film of polypropylene/aluminum tal/polyethyl- 
ene terephthalate. Thereafter, the resulting structure was sealed by fusion-welding the edge parts of the moisture-proof 
films. Then, the sheetfike battery was manufactured. 

[Estimation of Batteries in Embodiment 3 and Comparative examples 3-1 and 3-2] 

[0209] Regarding each of the secondary batteries manufactured by the foregoing steps, the same device as in Exper- 
iment 1 (a device shown in Fig. 8) was connected to the positive electrode terminal and negative electrode terminal of 
the battery, and the internal resistance of the battery was measured with a measurement signal of 1 kilohertz. 
[0210] Besides, a charge-and-diseharge test was carried out under the conditions that one cycle consisted of charge 
and discharge of 0.2 C {electric current of 0.2 times a capacity/an hour) with the capacity of the manufactured second- 
ary battery assumed to be a value calculated from the weight of the negative electrode, and a rest time period of 30 
minutes, and that the cutoff voltage of the charge was set at 4.5 V. while the cutoff voltage of the discharge was set al 
2 8V Incidentally, the cnarge-and-discharge test was started with the charge, and three cycles of charge-and-dis- 
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charge were repeated Thereafter, in Ihe fourth cycle, the battery was charged for 3 hours by corrbirtng a constant cur- 
™ J?.^ .!^ TOtant °' 6 V ' ****** *as performed with the current value oM a 

When a battery voltage reached 6 V meantime, the constant-current charge was changed-over to the constant-voltage 
charged 6 V. Herein, the battery was discharged with a current or 0.5 C. Further, in the fifth cyde. the battery was 
charged and discharged with the current of 05 C with the cutoff voltage of the charge set at 4.5 V and that of the dis- 
charge set at 2.8 V. 

As . t0 j!l!L n ! 8fnal r8Si6lance " nd the **«B« jiffies of the third and fifth cycles, the respective values of 
the battery m Embodiment 3 were estimated with the normalization that the values of the battery in each comparative 
example were set at 1 .0. The results of the estimation are indicated in Table 4 below. 





Internal resistance 


Capacity ot Discharge of 
third cyde 


Capacity of Discharge of 
fifth cyde 


Emb. a/Comparative ex. 3-1 


0.20 


1.8 


1.4 


Emb. 3/Comparatr/e ex. 3-2 


1.0 


1.0 


5.7 



1 2 ^ e , resul ^ indicated in Table 4 have revealed that, with the battery of Embodiment 3. the internal resistance 
can be made lower than m the battery of Comparative example 3-1 , while the capacity of discharge can be made larger 
ft has been found that the internal resistance and discharge capacity of the battery of Embodiment 3 are equivalent to 
tiiose ofj a Mtary employing the electrolyte solution in Comparative example 3-2. Further, it has been found that the 
aS^?3°3 mert 3 iS >met a9ainSt 0VefChar9e than ***** em P , °y in fl *• solution in Corrpar- 

™ ' n .™ n ' ,h ft e ^T^**^" 1 ' 3 and Conparative exanple 3-2 were separately manufactured, and 
thar cycle Irfetimes were estimated by performing cyde lifetime tests of charge and discharge with a current of 0 5 C 
under the condrbon that the cutoff voltages of charge and discharge were respectively set at 4.5 V and £5 V By the 
way. the cyde lifetime" was defined as the number of cydes in which the capacity of the battery became below 60 % 
ZaOZZEi ^^1^ "°^ ized ^ M*ne of the battery of Embodiment 3 was 1.2 with 

the cycle Mia of the battery of Comparative example 3-2 set at 1 .0. It has been revealed that the battery of Embod- 
unant 3 is superior to the battery of Comparative example 3-2 in the charge-anddischarge cyde lifetime 

EMBODIMENT 4: 

[0214] A sheetlike battery constructed as shown in Fig. 6 was manufactured in such a way that a negative electrode 
opposed, that the negative electrode and posrtve electrode were laminated together with the sides of the polymer gel 

^Xt^^^ ^ *° reSMn9 W3S Sealed *» ™*ture*roof films. These fabricating 

steps win be explained below with reference to Fig. 6. 

(1) Preparation of Pdymer gel electrolyte 

[021 5) All operations were performed in an argon gas atmosphere. 

1) In a mixed solution consisting of 30 parts of potassium palmftate as a surfactant and 70 parts of ion-exchanged 
r^'^T" Ba !„ WaS ^' ed !T 888 subs1Hu6on - Thereafter, 8.76 parts of ethyleneglycd monomethylether 
methacrytate as well as 0.24 pari of ethyleneglycd dimethaoylate, and 0.03 part of potassium peroxosulfate as a 
porymenzation initiator were added and agitated to prepare a mixed sdution 

Si^Zf^TJf " fBbriC m !??T " P0,yprtWlen8 8 <* 50 microns was immersed in the 

mixed monomer sdution prepared by the above step 1. and ft was heated at 75»C so as to induce a polymerizing 

InZZvTJJ^i^'*^ 0 "- ThUS ' 3 finV P 0 *™' flel 6u PP° rted «* Polypropylene mem 

brane was obfa^ed After the polymer gel obtained was washed with methyl alcohol, its thickness was uraformal- 

^ZELlS? £ ^IT^l™ 6 reSUmnfl P 0 **™' 861 ^ to ™ ^ectrolye sdution of 1 
mol/lrter n wh«h Irthmm tetrafhioroborate was dissolved in propylene carbonate. Then, a polymer gd electrolyte 
was obtained. ' 
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(2) Fabrication of Negative electrode 604 An expanded metal material 606 of nickel being 20 urn thick was cut into a 
predeterrrtned size. Thereafter, the cut nickel piece was pressedly secured to a metal lithium foil 605 being 25 urn thick, 
so as tobe embedded In metal BtMum. The surface ct the resulting metal lithium piece was etched by turning argon gas 
into a plasma. Thus, a negative electrode 604 was fabricated. 

(3) Fabrication of Positive electrode 607 



1) Electrolytic manganese dioxide and lithium carbonate were mixed at a mol ratio of 1 : 0.4. Thereafter, the mixture 
was heat-treated at 800"C. Thus, a lithium - manganese oxide was prepared. 

2) 3 weight-% of carbon powder of acetylene black. 4 weight-% of powder of potyvinyiidene fluoride, and 1 weight- 
% of the powdery polymer gel obtained by the operations of the above item (1) In Embodiment 2. were mixed into 
the lithium - manganese oxide prepared by the step 1 . Thereafter, N-methyl pyrrolidone was added to the mxtura 
Thus, a paste was prepared. 

[02171 The paste obtained at the above step 2 was appBed onto a collector 609 made of an aluminum foil being 20 
microns thick, and was dried. Thereafter, the thickness of the layer of the positive-electrode active material (the paste) 
608 was adjusted to 90 microns by a roll press machine. Further, a lead of aluminum was connected to the aluminum 
toil formed with the active material layer, by an ultrasonic welder, and the resulting structure was dried at 1 50°C under 
a reduced pressure. Then, a positive electrode 607 was obtained. 

(4) Assemblage of Secondary battery 

[0218] All operations were performed in an argon gas atmosphere. 

[0219] The positive electrode 607 obtained in the above tern (3) was further impregnated with an electrolyte solution 
of 1 mol/«ter in which lithium tetrafluoroborate was dissolved in propylene carbonate, so as to carry the electrolyte solu- 
tion Thereafter the polymer-gel-electrolyte flm 601 obtained in the above item (1) was placed on the resulting positive 
electrode and « was overlaid with the negative electrode 604 obtained in the above item (2). The positive electrode, the 
electrolyte film and the negative electrode were laminated together. The lead parte of the electrodes, however, were 
prevented from overlapping to short-circuit 

[0220] The negative and positive electrodes laminated together were sandwiched between two moistureijroof films 
each of which was a layer film of polypropylene/aluminum toil/polyethylene terephthalate. Thereafter, the resulting 
structure was put into a pressure reducing apparatus to which an evacuation device including a vacuum pump was con- 
nected and the interior thereof was brought into a reduced-pressure atmosphere so as to draw out gases. Subse- 
quent, the resulting structure was sealed by fusion-welding the edge parts of the moisture-proof films. Then, the 
sheetlike battery constructed as shown in Fig. 6 was manufactured. 

COMPARATIVE EXAMPLE 4-1 

[0221 ] A sheetlike battery was manufactured in the same way as in Embodiment 4, except the following: In this com- 
parative example, no surfactant was used at the step 1 in the preparation of the polymer gel electrolyte as explained in 



COMPARATIVE EXAMPLE 4-2: 

[0222] A sheetlike battery was manufactured in the same way as in Embodiment 4, except the following: In this com- 
parative example, H was not performed to prepare the polymer gel electrolyte as explained in the Hern (1) of Embodi- 
ment 4 A separator which was made of a micro porous polypropylene membrane being 50 microns thick, was held 
between the negative and positive electrodes 604, 607 fabricated in the respective items (2) and (3) of Embodiment 4. 
Herein the separator had been impregnated with an electrolyte solution of 1 molMer In which lithium tetrafluoroborate 
was dissolved in a solvent consisting of propylene carbonate and ethylene carbonate at a weight ratio of 50 : 50. so as 
to carry the electrolyte solution. The resulting structure of the negative electrode/separator (electrolyte srfutton)/prjsrtve 
electrode was sandwiched between two moisture-proof films each of which was a layer film of poryrjrcpylene/aluminum 
foil/polyethylene terephthalate. Thereafter, the resulting structure was sealed by fusion-welding the edge parts of the 
rnoisture-proof films. Then, the sheetlike battery was manufactured. 
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[Estimation of Batteries in Embodiment 4 and Comparative examples 4-1 and 4-2] 

[0223] Regarding each of the secondary batteries manufactured by the foregoing steps, the same device as in Exper- 
iment 1 (a device shown in Fig. 8) was connected to the positive electrode terminal and negative electrode tenrinal of 
the battery, and the internal resistance ot the battery was measured with a measurement signal of 1 totohertz. 
[0224] Besides, a eharge-and-discharge test was earned out under the conditions that one cyde consisted of charge 
and discharge of 02 C (electric current of 0.2 times a capacity/an hour) with the capacity of the manufactured second- 
ary battery assumed to be a value calculated from the weight of the negative electrode, and a rest time period of 30 
minutes, and that the cutoff voltage of the charge was set at 4.5 V. while the cutoff voltage of the discharge was set at 
2.8 V. Incidentally, the charge-and -discharge test was started with the charge, and three cycles of charge-antHf s- 
charge were repeated. Thereafter, in the fourth cycle, the battery was charged for 3 hours by combining a constant cur- 
rent of 1 C and a constant voltage of 6 V. More specifically, the charge was performed with the current value of 1 C. 
When a battery voltage reached 6 V meantime, the constant-current charge was changed-over to the constarrt-vottagB 
charge of 6 V. Herein, the battery was discharged with a current of 0.5 C. Further, in the fifth cyde, the battery was 
charged and discharged with the current of 0.5 C with the cutoff voltage of the charge set at 4.5 V and that of the dis- 
charge set at 2.8 V. As to the internal resistance and thedischarge capacities of the third and fifth cycles, the respective 
values of the battery in Embodiment 4 were estimated with the normalization that the values of the battery in each com- 
parative example were set at 1 .0. The results of the estimation are indicated in Table 5 below. 



TABLE 5 





Internal resistance 


Capacity of Discharge of 
third cyde 


Capacity of Discharge of 
fifth cyde 


Emb. 4/Comparative ex. 4-1 


0.16 


1.2 


1.3 


Emb. 4/Comparative ex. 4-2 




0.95 


3.7 



[0225] It has been revealed that, with the battery of Embodiment 4. the internal resistance can be made lower than 
in the battery of Comparative example 4-1 . while the capacity of discharge can be made larger, ft has been found that 
even when compared with a battery employing the electrolyte solution of Comparative example 4-2, the battery of 
Embodiment 4 is not inferior in the internal resistance and the capacity of discharge. Further, it has been found that the 
battery of Embodiment 4 is immuner against overcharge than the battery employing the electrolyte solution in Compar- 
ative example 4-2. 

[0226] In addition, the batteries of Embodiment 4 and Comparative example 4-2 were separately manufactured, and 
their cyde lifetimes were estimated by performing cyde lifetime tests of charge and discharge with a current of 0.5 C 
under the condition that the cutoff voltages of charge and discharge were respectively set at 4.5 V and 2.5 V. By the 
way, the "cycle lifetime" was defined as the number of cycles in which the capacity of the battery became below 60 % 
of a prescribed battery capacity. The normalized value of the cyde lifetime of the battery of Embodiment 4 was 97 with 
the cyde lifetime of the battery of Comparative example 4-2 set at 1 .0. With the battery of Comparative example 4-2. 
the dendrite of lithium was produced by the repetition of charge and discharge, and the cycle lifetime was short. In con- 
trast, with the battery of Embodiment 4, the production of the dendrite of lithium was suppressed, and the cycle lifetime 
was lengthened. 

EMBODIMENT 5: 

[0227] A sheetlike battery constructed as shown in Fig. 6 was manufactured in such a way that a negative electrode 
and a positive electrode were laminated and were respectively formed with polymer gel layers on their surfaces tc-be- 
opposed, that the negative electrode and positive electrode were stuck together with the sides of the polymer gel layers 
opposed to each other, and that the resulting structure was sealed with moisture-proof films. 

(1) Formation of Polymer-gel-electrolyte layers 

[0228] 

1) As in Experiment 1, 15.0 parts of polyoxyethylene h ax adecyl ether being a nonionic surfactant, which was 
employed as a compound having a molecular structure to serve as a template, and 275 parts of ion-exchanged 
water, were put into a readion vessel and were agitated. Besides, argon gas was bubbled for gas substitution. Sub- 
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sequent!* a76 parts of diethyleneglycol morwmeihytether methaoylate. 024 part ol ethyleneglycol t&nethacr- 
ylate, and 0.03 part of potassium peroxosutfate as a polymerization initiator were added, and polymerization was 
performed at 75°C for 7 hours while the resulting mixture was being agitated- Thereafter, a granular polymer gel 
obtained was washed with water andethanol and was dried. Then, a powdery cross-linked polymer was obtained. 
2) The powdery cress-linked polymer obtained by the above operations in step 1 was calendered. Then, a cross- 
linked polymer film was obtained. 

(2) Fabrication of Negative electrode 604 

[0229) The cross-linked polymer powder obtained as explained in the above item (1) was further pulverized finer. 1 
part of the finer cross-linked polymer powder was added to 95 parts of fine powder of natural graphite which were heat- 
treated at 2000°C in an argon gas flow and 4 parts of powder of polyvtnylidene fluoride. N-metnyl-2-pyrrolidone was 
added to the resulting mixture so as to prepare a pasta After the prepared paste was applied onto a collector 606 of 
copper foB being 18 mfcrons thick and was dried, the thickness of an active material layer (graphite layer) 605 was 
adjusted to 90 microns by a roll press machine. Thus, a negative electrode 604 was obtained. 

(3) Fabricating steps of Positive electrode 607 
[0230] 

1) After lithium carbonate and cobalt carbonate were mixed at a mol ratio of 1 : 2. the resulting mixture was heat- 
treated by an air flow at 800°C. Then, a lithium • cobalt oxide was prepared. 

2) 3 parts of carbon powder of acetylene Mack, 4 parts of powder of polyvinyl idene fluoride, and 1 part of finer pow- 
der obtained by further pulverizing the cross-linked polymer powder prepared in the above item (1), were added to 
and mixed with 92 parts of the lithium - cobalt oxide prepared at the above step 1 . Thereafter, N-methyl-pyrrolidone 
was added to the resulting mixture so as to prepare a pasta 

[0231] After the paste obtained at the above steps 2 was applied onto a collector 609 of aluminum foil being 20 
microns thick and was dried, the thickness of a positive-electrode active material layer (paste layer) 608 was adjusted 
to 90 microns by a roll press machine. Further, a lead of aluminum was connected to the aluminum foil formed with the 
active material layer, by an ultrasonic welder, and the resulting structure was dried at 1 50°C under a reduced pressura 
Thus, a positive electrode 607 was obtained. 

(4) Preparation of Electrolyte solution 

[0232] An electrolyte solution of 1 mot/liter was prepared by dissolving lithium tetrafluoroborate in propylene carbon- 



(5) Assemblage of Secondary battery 

[0233] All operations were performed in an argon gas atmosphere. 

[0234] The electrolyte solution prepared in the above Item (4) was dropped onto the active material layer 605 of the 
negative electrode 604 obtained in the above Hem (2). that 608 of the positive electrode 607 obtained in the above item 
(3) and the cross-linked polymer film 601 obtained in the above item (1). whereby both ttie active material layers were 
caused to absorb the electrolyte solution. Subsequently, the cross-linked polymer film 601 containing absorbed liquid 
was stacked on the active material layer 605 of the negative electrode 604. and K was overlaid with the positive elec- 
trode 607. Thus, a cell was formed. 

[0235] Further, the cell thus formed as a stacked body was sandwiched between two moisture-proof films each of 
which was a layer film of polypropylene/aluminum Ml/polyethylene terephthalate. Thereafter, the resulting structure was 
put into a pressure reducing apparatus to which an evacuation device including a vacuum pump was connected, and 
the interior thereof was brought into a reduced-pressure atmosphere so as to draw out gases. Subsequently, the result- 
ing structure was sealed by fusion-welding the edge parts of the moisture-proof films. Then, the sheetlike battery con- 
structed as shown in Fig. 6 was manufactured. 

COMPARATIVE EXAMPLE 5: 

[0236] A sheetlike battery was manufactured in the same way as in Embodiment 5, except the following: In this com- 
parative example, no surfactant was used at the step 1 in the preparation of the polymer gel electrolyte in the item (1) 
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of Embodiment 5. Thai is. in this example, the compound employed for a template in Embodiment 5 was not used 
[Estimation of Batteries in Embodiment 5 and Comparative example 5] 

[02371 Regarding each of the secondary batteries manufactured by the foregoing steps, the same device as in Exper- 
iment 1 (a device shown in Fig. 8) was connected to the positive electrode terminal and negative electrode terminal of 
the battery, and the internal resistance of the battery was measured with a measurement signal of 1 kitohertz. 
[0238] Besides, a charge-and-discharge test was carried out under the conditions that one cycle consisted of charge 
and discharge of 02 C (electric current of 02 times a capacity/an hour) with the capacity of the manufactured second- 
ary battery assumed to be a value calculated from the weight of the negative electrode, and a rest time period of 30 
minutes, and that the cutoff voltage of the charge was set at 4.5 V. while the cutoff voltage of the discharge was set at 
2.8 V. Incidentally, the charge-and-discharge test was started with the charge, and three cycles of charge-and-dis- 
charge were repeated. As to the Internal resistance end the discharge capacity ot the third cycle, the respective values 
of the battery in Embodimerri 5 were estimated with the normalization thai the values of the battery in Comparative 
example 5 were set at 1.0. The results of the estimation are indicated in Table 6 below. It has been revealed that with 
the battery of Embodiment 5, the internal resistance can be made lower than in the battery of Comparative example 5, 
while the capacity of discharge can be made larger. 



TABLE 6 





Internal resistance 


Capacity of Discharge 


Emb. 5/Comparative ex 5 


0.23 


1.2 



[0239] In the lithium secondary batteries of Embodiment 1 thru Embodiment 5. one sort of supporting electrolyte and 
three sorts of positive-electrode active materials were used. It is to be understood, however, that they are not restrictive, 
but that various sorts of supporting electrolyte and various sorts of positive-electrode active materials explained before 
can be used. Besides, although the batteries manufactured in the embodiments were in the shape of sheet, batteries 
in various shapes such as a coin-shaped battery, a cylindrical battery or a square battery can be manufactured without 
being restricted to the exemplified shape. When the ion conductive member of the present invention is especially 
employed, a battery In any desired shape can be manufactured. 

EMBODIMENT 6: 

[0240J A sheetlike nickel-hydrogen secondary battery constructed as shown in Fig. 6 was manufactured by steps 
explained below. 

(1) Fabrication of Negative electrode 604 

[0241 1 MgjNt alloy powder and nickel powder which had been obtained by radio-frequency melting, were mixed at a 
mol ratio of 1 : 1. Thereafter, the mixture was kneaded by a planetary-gear ball mill. Then, amorphous magnesium - 
nickel alloy powder was prepared. Subsequently, copper powder as an electric-conduction assistant was mixed into the 
amorphous magnesium - nickel alloy powder, at a weight ratio of 3. The resulting mixed powder was secured to a 
punched metal piece of nickel by a roller press, and the nickel piece bearing the mixed powder was cut into a predeter- 
mined size. A lead of nickel tab was connected to the resulting nickel piece by spot welding. Then, a negative electrode 
was obtained. 

(2) Fabrication of Positive electrode 607 

[0242] 92 weight-% of nickel hydroxide powder and 2 weight-% of cobatt oxide powder were mixed, and the mixture 
was turned into a paste by employing an aqueous solution of carooxymethyl cellulose at 2 weight-% to obtain car- 
boxym ethyl cellulose at 6 weight-% as a binder. A foamed nickel substrate 609 having a thickness of 1.5 mm, a pore 
diameter of 200 microns and a porosity of 95 % was coated and packed with ttie paste, and it was dried at 120°C for 1 
hour. The resulting substrate was pressed to adjust its thickness. Subsequently, the substrate was cut into a predeter- 
mined size, and a lead of nickel tab was connected to the substrate by spot welding. Then, a positive electrode 607 was 
fabricated. 
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(3) Formation of Polymer-get-electrolyte layer 

[0243] A polymer solution was prepared in such a way that 40 parte ol ion-exchanged water were mixed into 60 parts 
of hydraxypropyl cellulose being a polymer exrubiBve of liquid-cryBtairinity. 

[0244] A piece of nonwoven polypropylene fabric being 130 microns thick, which had been endowed with a 
hydropMGcity, was placed on the negative electrode fabricated in the above item (1). The resulting fabric piece was 
coated with the polymer solution prepared in the above step, and it was let stand still. Thereafter, the polymer coating 
was irradiated with an electron beam so as to induce a cross-linking reaction. Then, a polymer gel layer supported by 
the nonwoven polypropylene fabric was prepared. After drying, the polymer gel layer was Impregnated with an aqueous 
solution of 30 weight-% of potassium hydroxide containing 2 weight-% of lithium hydroxide. Thus, a polymer-gel-elec- 
trolyte layer was formed. Likewise, the positive electrode fabricated in the above item (2) was immersed in the polymer 
solution prepared in the above step, and the polymer solution on the positive electrode was irradiated with an electron 
beam so as to Induce a cross -finking reaction, whereby a polymer gel layer was formed on the positive electrode. After 
the positive electrode formed with the polymer gel layer was dried, it was impregnated with the aqueous solution of 30 
weight-% of potassium hydroxide containing 2 weight-% of lithium hydroxide. Thus, the positive electrode formed with 
a polymer-gel-electrolyte layer was fabricated. 

(4) Assemblage of Secondary battery 

[0245] The positive electrode obtained in the above Hem (2) was brought into dose touch with the polymer-gel-elec- 
trolyte layer supported by the nonwoven polypropylene fabric, the layer having been formed on the negative electrode 
as explained in the above Hern (3). On this occasion, the lead parts of the negative and positive electrodes were pre- 
vented from short-circuiting. The resulting negative and positive electrodes stuck together were sandwiched between 
two gas-barrier tlms each of which was a layer film of polypropylene/aluminum fofl/polyethylene terephthalata There- 
after, the resulting structure was put into a pressure reducing apparatus to which an evacuation device including a vac- 
uum pump was connected, and the interior thereof was brought into a reduced-pressure atmosphere so as to draw out 
gases. Subsequently, the resulting structure was sealed by fusion-welding the edge parts of the gas-barrier or moisture- 
proof films. Then, the sheetlike battery was manufactured. 

COMPARATIVE EXAMPLE 6: 

[0246] A sheetlike battery was manufactured in the same way as in Embodiment 6, except the following: In this com- 
parative example, the polymer gel electrolyte in the item (3) of Embodiment 6 was not formed. More specifically, a sep- 
arator made of nonwoven polypropylene fabric being 200 microns thick and endowed with a hydrophilidty. which had 
been impregnated with an aqueous solution of 30 weight-% of potassium hydroxide containing 2 weight-% of lithium 
hydroxide, so as to cany the electrolyte solution, was sandwiched between the negative electrode and positive elec- 
trode which had been respectively fabricated in the items (1) and (2) of Embodiment 6. Further, the laminated body of 
the negative electrode/separator (electrolyte solution)Jpositive electrode was sandwiched between two moisture-proof 
films each of which was a layer film of polypropylene/aluminum foil/polyethylene terephthalate. Thereafter, the resulting 
structure was sealed by fusion-welding the edge parts of the moisture-proof films. Then, the sheetlike battery was man- 
ufactured. In this manner, the polymer gel electrolyte in Embodiment 6 was not used in the comparative example. 

[Estimation of Batteries in Embodiment 6 and Comparative example 6] 

[0247] Regarding each of the secondary batteries manufactured by the foregoing steps, the same device as in Exper- 
iment 1 (a device shown in Fig. 8) was connected to the positive electrode terminal and negative electrode terminal of 
the battery, and the internal resistance of the battery was measured with a measurement signal of 1 kflohertz. 
[0248] Besides, a charge- and -discharge test was carried out under the conditions that one cycle consisted of charge 
and discharge of 0.2 C (electric current of 0.2 times a capacity/an hour) with the capacity of the manufactured second- 
ary battery assumed to be a value calculated from the weight of the negative electrode, and a rest time period of 30 
minutes, and that the cutoff voltage of the charge was set at 1 .5 V, while the cutoff voltage of the discharge was set at 
0.9 V. Incidentally, the charge-and-discharge test was started with the charge, and ten cycles of charge-and-discharge 
were repeated. As to thB internal resistance and the discharge quantities of the third and tenth cycles, the respective 
values of the battery In Embodiment 6 were estimated with the normalization that the values of the battery in Compar- 
ative example 6 were set at 1.0. The results of the estimation are indicated in Table 7 below. 
[0249] The discharge capacity of the battery of Comparative example 6 lowered suddenly with the number of charge- 
and-discharge cycles. In contrast the battery of Embodiment 6 did not exhibit sudden lowering in the discharge capac- 
ity. 
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TABLE 7 





Internal resistance 


Quantity erf Discharge of 
third cycle 


Quantity of Discharge of 
tenth cycle 


Emb. 6/Comparative ex. 6 


1.2 


1.2 


1.4 



EMBODIMENT 7: 

[0250] hi this embodiment, a coin-shaped nickel - zinc secondary battery having a sectional structure shown in Fig. 
7 was manufactured by a process explained below. 

(1) Fabrication of Negative electrode 701 

[0251] An aqueous solution of dispersed tetraf tuoroethytene polymer was added to a mixture consisting of 95 parts 
of zinc oxide powder and 5 parts of zinc powder, so that the weight ratio between the mixture and the tetrafluoroethylene 
polymer serving as a binder might become 95 : 5. The resulting mixture was kneaded into the state of a pasta A 
punched metal plate of copper was coated with the pasta After drying, the resulting copper plate was pressed by a roll 
press machine, whereby a zinc negative-electrode plate was obtained. The 2inc negative-electrode plate obtained was 
punched into a predetermined size. Thus, a negative electrode (701) was fabricated. 

(2) Fabrication of Positive electrode 703 

[0252] 92 % of nickel hydroxide powder and 2 % of cobalt oxide powder were mixed, and the mixture was turned into 
a paste by employing an aqueous solution of carboxymethyl cellulose at 2 weight-% to obtain carboxymethyl cellulose 
at 6 weight-% as a binder. A foamed nickel substrate having a thickness of 1 .5 mm, a pore diameter of 200 microns and 
a porosity of 95 % was coated and packed with the paste, and it was dried at 120°C for 1 hour. The resulting substrate 
was pressed to adjust its thickness. Subsequently, an active material borne on the back surface of the substrate was 
exfoliated by ultrasonic waves so as to denude the nickel of a collector, and the substrate was punched into a predeter- 
mined size. Then, a positive electrode (703) was fabricated. 

(3) Formation of Polymer-gel-electrolyte layer 702 being Ion conductive member 
[0253] 

1) A polymer solution was prepared in such a way that 40 parts of ion-exchanged water were mixed into 60 parts 
of hydroxypropyl cellulose being a polymer exhibrtfve of liquid-crystallinity. 

2) A piece of nonwoven polypropylene fabric being 130 microns thick, which had been endowed with a hydrophilic- 
Hy. was placed on the negative electrode fabricated in the above item (1). The resulting fabric piece was coated with 
the polymer solution prepared in the above step 1, and it was let stand still. Thereafter, the polymer coating was 
irradiated with an electron beam so as to induce a cross-linking reaction. Then, a polymer gel layer supported by 
the nonwoven polypropylene fabric was prepared. After drying, the polymer gel layer was impregnated with an 
aqueous solution of 30 weight-% of potassium hydroxide containing 2 weight-% of tithium hydroxide. Thus, a poly- 
mer-gel-electrolyte layer 702 was formed. 

Likewise, the positive electrode fabricated in the above item (2) was immersed in the polymer solution prepared in 
the above step 1 , and the polymer solution on the positive electrode was irradiated with an electron beam so as to 
induce a cross-linking reaction, whereby a potymer gel layer was formed on the surface of the positive electrode 
opposite to the denuded nickel surface. After the positive electrode formed with the polymer gel layer was dried, it 
was impregnated with the aqueous solution of 30 weight-% of potassium hydroxide containing 2 weight-% of lithium 
hydroxide. Thus, the positive electrode formed with a polymer-gel-electrolyte layer 702 was fabricated. 

(4) Assemblage of Secondary battery The positive electrode obtained in the above item (2) was brought into close 
touch with the polymer-gel-electrolyte layer supported by the nonwoven polypropylene fabric, the layer having been 
formed on the negative electrode as explained in the above Hem (3). The laminated body of the negative electrode 
701 /polymer-gel-electrolyte layer 702/bositive electrode 703 was inserted into a coin-shaped battery can 705 mada of 
a titanium-dad stainless steel material, so that the denuded nickel surface of the collector of the positive electrode might 
come into touch with the bottom of the battery can 705. Thereafter, a gasket 706 made of polypropylene was fitted on 
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the resulting stacked body, and a negative-electrode cap 704 was put on the resulting structure and was caulked. Thus, 
the coin-shaped battery was manufactured. 

COMPARATIVE EXAMPLE 7: 

[0254] A coin-shaped battery was manufactured in the same way as in Ernbodimerrt 7. except the following: In this 
comparative example, the polymer gel electrolyte in the item (3) of Embodiment 7 was not formed. More specifically, a 
separator made of nonwoven polypropylene fabric being ZOO microns thick, which had been impregnated with an aque- 
ous solution of 30 wetght-% of potassium hydroxide containing 2 weight-% of lithium hydroxide, so as to carry the elec- 
trolyte solution, was sandwiched between the negative electrode 701 and positive electrode 703 instead of the polymer- 
gel-electrolyte layer. Further, the laminated body of the negative electrode/separator (electrolyte sdution)faositive elec- 
trode was inserted into a coin-shaped battery can 705 made of a titanium-clad stainless steel material, so that the 
denuded nickel surface of the collector of the positive electrode might come into touch with the bottom of the battery 
can 705. Thereafter, a gasket 706 made of polypropylene was fitted on the resulting laminated body, and a negative- 
electrode cap 704 was put on the resulting structure and was caulked. Then, the coin-shaped battery was manufac- 
tured. In this manner, the polymer gel electrolyte in Embodiment 7 was not used in the comparative example. 

[Estimation of Batteries in Embodiment 7 and Comparative example 7] 

[0255] Regarding each of the secondary batteries manufactured by the foregoing steps, the samedevice as in Exper- 
iment 1 (a device shown in Fig. 8) was connected to the positive electrode terminal and negative electrode terminal of 
the battery, and the internal resistance of the battery was measured with a measurement signal of 1 kflohertx 
[0256] Besides, the cycle lifetimes of the batteries were estimated by performing cycle lifetime tests of charge and 
discharge under the conditions that one cycle consisted of charge and discharge of 0.2 C (electric current of 02 times 
a capacity/an hour) with the capacity of the manufactured secondary battery assumed to be a value calculated from the 
weight of the negative electrode, and a rest time period of 30 minutes, and that the cutoff voltages of charge and dis- 
charge were respectively set al 2.0 V and 0.9 V. By the way, the "cycle nfettme" was defined as the number of cycles in 
which the capacity of the battery became below 60 % of a prescribed battery capacity. The internal resistance and the 
cycle lifetime of the battery of Embodiment 7 were normalized with those of the battery of Comparative example 7 set 
at 1 .0. The results are indicated in Table 8 below. 

[0257] With the nickel - zinc battery of Embodiment 7. the production of the dendrite of zinc attributed to the repetetion 
of charge and discharge was suppressed with respect to the battery of Comparative example 7, and the cycle lifetime 
was lengthened. 



TABLE 8 





Internal resistance 


Cycle lifetime 


Emb. 7/Comparative ex. 7 


1.1 


4.6 



EMBODIMENTS: 

[0258] In this embodiment a coin-shaped air - zinc secondary battery having a sectional structure shown in Rg. 7 
was manufactured by a process explained below. 

(1) Preparation of Polymer gel 

[0259] As in Experiment 10, there were mixed 8 parts of acrytamide, 2 parts of acrylic acid, 1 part of methylene bisacr- 
ylamlde, 20 parts of sodium dodecytsulfonale being an anionic surfactant, 0.4 part of 2. 2'-azobisisobutytonitrile being 
an initiator, and 92 parts of ion-exchanged water. The resulting mixed solution was subjected to radical polymerization 
at 70"C In a nitrogen atmosphere while being agitated. Then, a granular polymer get was obtained. The gel was washed 
with methanol to remove the surfactant, and was dried. 

(2) Fabrication of Negative electrode 701 

[0260] A tetraf luoroetftylene polymer serving as a binder and the polymer gel powder obtained in the above item (1 ) 
were further mixed into a mixture consisting of 95 parts of zinc oxide powder and 5 parts of zinc powder, so that the 
weight ratio among the mixture, the tetrarfluoroethylene polymer and the polymer gel powder might become 94 : 5 : 1. 
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The resulting mixture was secured onto a punched metal plate of copper and heated by a roll press machine, whereby 
a zinc negative-electrode plate was obtained. The zinc negafive-electrode plate obtained was punched into a predeter- 
mined size. Thus, a negative electrode (701) was fabricated. 

(3) Fabrication of Positive electrode 703 

[0261 J A tetrafluoroethylene polymer serving as a binder and the polymer gel powder obtained in the above item (1) 
were mixed into a mixture in which manganese cfioxie. nickel oxide and cobalt oxide were mixed into acetylene black, 
so that flie weight ratio among the mixture, the tetrafluoroethylene polymer and the polymer gel powder might become 
94 : 5 : 1 . The resulting mixture was applied onto a nickel meshwork, and it was secured and heated by a roD press 
machine. The resulting meshwork was punched into a predetermined size. Thus, a positive electrode (703) was fabri- 
cated. 

(4) Formation of Polymer-gel-electrolyte layer 702 being Ion conductive member 

[0262] The polymer get powder obtained in the above item (1) and colloidal silica having a grain diameter of 10 
microns were mixed at a weight ratio of 97 : 3. The resulting mixture was dispersed on the surface of the negative elec- 
trode obtained in the above item (2), and an aqueous solution of 30 weight-% of potassium hydroxide containing 2 
weight-% of lithium hydroxide was added to the dispersed mixture Thus, a polymer-gel-electrolyte layer 702 was 

[0263] The positive electrode fabricated in the above Hem (3) was impregnated with the aqueous solution of 30 
weight-% of potassium hydroxide containing 2 weight-% of lithium hydroxide. 

(5) Assemblage of Secondary battery 

[0264] . A piece of air diffusing paper and a tetrafluoroethylene polymer film being a water repelling f ilm were inserted 
into a battery can (positive electrode can) 705 wfth air intake pores, the battery can 705 being made of a titanium-clad 
stainless steel material. Further, the positive electrode 703 obtained in the above item (3). and the negative electrode 
701 covered with the polymer-gel-electrolyte layer 702 obtained in the above item (4) were brought into close touch and 
were inserted into tfie battery can 70S. The nickel of the collector of the positive electrode was held in contact with the 
battery can 705 so as to be electrically conductive thereto. 

Thereafter, a gasket 706 made of polypropylene was fitted into the resulting can, and a negative-electrode cap 704 was 
put on the resulting structure and was caulked. Thus, the coin-shaped battery was manufactured. 

COMPARATIVE EXAMPLE 8: 

[0265] A coin-shaped battery was manufactured in the same way as in Embodiment 8, except the following: In this 
comparative example, the polymer gel electrolyte in the item (4) of Embodiment 8 was not formed. Further, a negative 
electrode and a positive electrode were fabricated using tetrafluoroethylene polymer powder instead of the polymer gel 
powder which was used for the negative and positive electrodes as explained in the respective items (2) and (3) of 
Embodiment 8. In assembling a battery, a separator made of nonwoven polypropylene fabric being 200 microns thick, 
which had been impregnated with an aqueous solution of 30 weights of potassium hydroxide containing 2 weight-% 
of lithium hydroxide, so as to carry the electrolyte solution, was sandwiched between the positive electrode and the neg- 
ative electrode. 

[Estimation of Batteries in Embodiment 8 and Comparative example 8] 

[0266] Regarding each of the secondary batteries manufactured by the foregoing steps, the same device as in Exper- 
iment 1 (a device shown in Fig. 8) was connected to the positive electrode terminal and negative electrode terminal of 
the battery, and the internal resistance of the battery was measured with a measurement signal of 1 kilohertz. 
[0267] Besides, the cycle lifetimes of the batteries were estimated by performing cycle lifetime tests of charge and 
discharge under the conditions that one cycle consisted of charge and discharge of 02 C (electric current of 0.2 times 
a capacity/an hour) with the capacity of the manufactured secondary battery assumed to be a value calculated from the 
weight of the negative electrode, and a rest time period of 30 minutes, and 

that the cutoff voltages of charge and discharge were respectively set at 2.0 V and 0.9 V. By the way. the "cycle lifetime" 
was determined as the number of cydes in which the capacity of the battery became below 60 % of a prescribed battery 
capacity. Further, the batteries of Embodiment 8 and Comparative example 8 were separately manufactured, and they 
were preserved in the air for one month wfth the air intake pores left open. Charge-and-discharge tests were performed 
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under the condition that the cutoff voltages of charge and discharge were respectively set at 2.0 V and 0.9 V, and the 
quantities of discharge of the third cycle were measured. The internal resistance, the cycle lifetime and the discharge 
capacity in the preservation, ot the battery of Embodiment 8 were normalized with those of the battery of Comparative 
example 8 set at 1 .0. The results are indicated in Table 9 below. 

[0268] As seen from the results shown in Table 9, with the air - zinc battery of Embodiment 8, the production of the 
dendrite of zinc attributed to the repetition of charge and discharge was suppressed with respect to the battery of Com- 
parative example 8. and the cycle lifetime was lengthened. Moreover, the characteristics of preservation were superior. 



TABLE 9 





Internal resistance 


Cycle Lifetime 


Discharge capacity in 
preservation 


Emb. B/Comparative ex 8 


12 


6.7 


1.3 



[0269] It is understood from the estimations of the performances of Embodiments 1 to 8 and Comparative examples 
1 to 8 that secondary batteries which, of course, prevent the leakage of an electrolyte solution and which are excellent 
in discharge characteristics and good in cycle lifetimes can be manufactured by adopting the structure of the secondary 
battery of the present invention. Besides, it is understood from the estimations ol the batteries of Embodiments 3 and 
4 as to overcharge that the secondary battery of the present invention is immune against the overcharge, that it can 
made an overcharge prevention circuit simpler and that it is safe. 

[0270] As described above, the present invention can provide a secondary battery of high performance employing an 
ion conductive member whose tonic conductivity is higher and whose discharge characteristics are superior. Further, 
the application of the present invention to a secondary battery employing lithium or zinc to its negative electrode makes 
it possible to manufacture a secondary battery in which the growth of the dendrite of lithium or zinc causing the degra- 
dation of the performance ol the battery can be suppressed, and which has a longer lifetime and a higher energy den- 
sity. 

Claims 

1 . A secondary battery wherein an ion conductive member is arranged between a positive electrode and a negative 
electrode which are disposed in opposition to each other, characterized in that said ion conductive member has its 
ion channels oriented so as to have a higher ionic conductivity in a direction of joining a plane of said positive elec- 
trode and that of said negative electrode. 

2. A secondary battery as defined in Claim 1 . wherein said ion conductive member has either of a layered structure 
and a columnar structure 

3. A secondary battery as defined in Claim 1 , wherein said ion conductive member is made from, at least, a polymer 
material and a supporting electrolyte. 

4. A secondary battery as defined in Claim 3, wherein said ion conductive member includes, besides said polymer 
material and said supporting electrolyte, a solvent which dissolves said supporting electrolyte 

5. A secondary battery as defined in Claim 3, wherein said polymer material is a cross-linked polymer material. 

6. A secondary battery as defined in Claim 4, wherein said polymer material is in a swollen gel state by absorption of 
an electrolyte solution which consists essentially of said supporting electrolyte and said solvent 

7. A secondary battery as defined in Claim 3, wherein said polymer material is in the shape of either of a film and a 
sheet 

8. A secondary battery as defined in Claim 3. wherein said polymer material is granular. 

9. A secondary battery as def ined in Claim 3, wherein polymer chains of said polymer material are substantially ori- 
ented in, at least, one direction. 

1 0. A secondary battery as defined in Claim 3. wherein said polymer material has at least one sort of bond selected 
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from the group consisJing of a cartoon-oxygen bond, a carbon-nitrogen bond and a carbon-sulfur bond. 

1 1 . A secondary battery as defined in Claim 10. wherein said polymer material has at least one sort of functional group 
g re t„^ ed ^ ,h8 9TOUP consis1in9 01 ether Sroup. an ester group, a carbonyt group, an amide group and a nrtryi 

12. A secondary battery as def ined in Claim 3. wherein said polymer material is either of a polymer material a molec- 
ular structure which exhibits I'quid-crystalBnity and polymer of diacetylene compound. 



14. A secondary battery as defined in Claim 12. wherein the Bqiid-crystalline molecular structure exists at a side chain 
of said polymer material. 

15. A secondary battery as defined in Claim 5. wherein the Squid-crystalline molecular structure exists in a bridging 
part of said cross-linked polymer material. 

1 6. A secondary battery as defined in Claim 1 2, wherein the Hquid-crystalline molecular structure is either of a molec- 
ular structure which is geometrically asymmetric and which is cylindrical or flat, and a molecular structure which 



1 7. A secondary battery as defined in Claim 4, wherein said solvent is an organic solvent 

18. A secondary battery as defined in Claim 4, wherein said ion conductive member is a hybrid structure which com- 
prises essentially of said polymer material and a porous oxide. 

1 9. A secondary battery as defined in Claim 1 . wherein lithium ions can be conducted in said ion conductive member. 

20. A secondary battery as defined in Claim 3, wherein said supporting electrolyte is a lithium salt 



22. A secondary battery as defined in Claim 1 , wherein said negative electrode is made from, at least a material which 
accepts lithium ions in a charging reaction and which emits lithium ions in a discharging reaction, and wherein said 
positive electrode is made from a material which emits lithium ions in the charging reaction and which accepts fith- 
ium ions in the discharging reaction. 

23. A secondary battery as defined in Claim 1 , wherein said negative electrode is made from at least one sort of mate- 
rial selected from the group consisting of metal lithium, a metal which is alloyed with lithium deposited in a charging 
reaction, and a compound which intercalates lithium in the charging reaction, and wherein said positive electrode 
is made from, at least a material which functions to deintercalate lithium ions in said charging reaction and to inter- 
calate lithium ions in a discharging reaction. 

24. A secondary battery as defined in Claim 23, wherein said negative electrode is made from at least one sort of mate- 
rial selected from the group including of metal lithium, a carbonaceous material containing graphite, lithium metal, 
a metal which is eleclrochemicafly alloyed with lithium, a tin oxide, a transition metal oxide, a transition metal nitride, 
a lithium tin oxide, a lithium transition-metal oxide, a lithium transition-metal nitride, a transition metal suff ide, a lith- 
ium transition-metal sulfide, a transition metal carbide, and a lithium transition-metal carbide. 

25. A secondary battery as defined in Claim 23. wherein said positive electrode is madefrom at least one sort of mate- 
nal selected from the group consisting of a transition metal oxide, a transition metal nitride, a lithium tin oxide, a 6th- 
mm transition-metal oxide, a lithium transitioiwnetal nitride, a transition metal sulfide, a lithium transition-metal 
sulfide, a transition metal carbide, and a lithium transition-metal carbide. 

26. A secondary battery as defined in Claim 4, wherein said solvent is water. 
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27. A secondary battery as defined in Claim 1, wherein hydrogen tons can be conducted through said ion conductive 
member. 

28. A secondary battery as def ined in Claim 1 . wherein hydroxide ions can be conducted through said ion conductive 

29. A secondary battery as defined in Claim 3, wherein said supporting electrolyte Is an alkaline hydroxide. 

30. A secondary battery as defined in Claim 3. wherein said supporting electrolyte is sulfuric add 

31. A secondary battery as defined in Claim 1, wherein said negative electrode is made from, at leasl, a hydrogen- 
absorbing alloy which absorbes hydrogen during charge and which emits hydrogen ions during discharge. 

32. A secondary battery as defined in Claim 1. wherein said negative electrode is made from, at least, zinc. 

33. a secondary battery as defined in any of Claims 1. 31 and 32. wherein said positive electrode is made from, at 
least, nickel hydroxide. 

34. A secondary battery as defined in either of Claims 1 and 32, wherein said positive electrode is made from, at least 
a catalyst which activates absorbed oxygen. 

35. A secondary battery as defined in Claim 30. wherein said negative electrode Is made from, at least lead, while said 
positive electrode is made from, at least, a lead oxide. 

36. A process for producing a secondary battery wherein an ion conductive member is arranged between a positive 
electrode and a negative electrode which are disposed in opposition to each other, characterized by orienting ion 
channels of said ion conductive member so that said ion conductive member may have a higher ionic conductivity 
in a direction of joining a plane of said positive electrode and that of said negative electrode 

37. A process for producing a secondary battery as defined in Claim 36, wherein said ion conductive member has 
either of a layered structure and a columnar structure. 

38. A process for producing a secondary battery as defined in Claim 37. wherein said ion conductive member having 
either of the layered structure and the columnar structure is formed via at least one step selected from the group 
consisting of irradiation with fight, application of a magnetic field, application of an electric field, and hearing. 

39. A process for producing a secondary battery as defined in Claim 37. wherein said ion conductive member having 
either of the layered structure and the columnar structure is fabricated via the steps of orienting a polymer, and 
inducing a cross-linking reaction, thereby to prepare a cross-linked polymer which is a matrix of said ion conductive 

40. A process for producing a secondary battery as defined In Claim 37. wherein said ion conductive member having 
either of the layered structure and the columnar structure is formed via the steps of orienting a monomer and a 
cross-linking agent and polymerizing and cross-linking them, thereby to prepare a cross-tinted polymer which is a 
matrix of said ion conductive member. 

41 . A process for producing a secondary battery as defined in Claim 39, wherein the polymer is either of a Squid-crys- 
talline compound and a diacetylene compound. 

42. A process for producing a secondary battery as defined in Claim 40, wherein at least either of the monomer and 
the cross-linking agent is either of a liquid-crystalline compound and a diacetylene compound. 

43. A process for producing a secondary battery as defined in Claim 39, wherein a compound whose molecule has a 
liquid-crystalline structure is added as a template for orienting the polymer. 

44. A process for producing a secondary battery as defined in Claim 40, wherein a compound whose molecule has a 
liquid-crystalline structure is added as a template for orienting at least either of the monomer and the cross-linking 
agent 
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45. A process for producing a secondary battery as defined in Claim 43 or Claim 44, wherein the compound whose 
molecule has the liquid-crystalline structure is an amphophilic compound. 

46. A process for producing a secondary battery as defined in either of Claims 39 and 40, wherein said ion conductive 
member is fabricated by causing the cross-linked potymar to absorb an electrolyte solution (which is a solution 
obtained by dissolving a supporting electrolyte in a solvent) and solidify. 

47. A process for producing a secondary battery as def ined in either of Claims 39 and 40, wherein said ton conductive 
member is fabricated by adding an electrolyte solution (which Is a solution obtained by dissolving a supporting elec- 
trolyte in a solvent) during the preparation of the cross-linked polymer (that is, before the cross-linking reaction). 

4a A process for producing a secondary battery as defined in either of Claims 39 and 40, wherein the cross-linked pol- 
ymer is in the shape of eithBr of a film and a sheet. 

49. A process for producing a secondary battery as defined in either of Claims 39 and 40. wherein the cross-Jinked pol- 
ymer is in the shape of either of grains and powder. 

50. A process for producing a secondary battery as deified in Claim 37, comprising the step of laminating a negative 
electrode, an ion conductive member having either of a layered structure and a columnar structure, and a positive 
electrode in the order mentioned, thereby to form a layer body. 

51. A process for producing a secondary battery as defined in Claim 46. comprising the step of laminating a negative 
electrode, a cross-linked polymer material having either of a layered structure and a columnar structure, and a pos- 
itive electrode in the order mentioned, thereby to form a layer body, and the step of causing the cross-linked poly- 
mer material to absorb an electrolyte solution (which is a solution obtained by dissolving a supporting electrolyte in 
a solvent) and solidify. 

52. A process for producing a secondary battery as defined Claim 39 or Claim 40. comprising the step of interposing 
a spacer between a negative electrode and a positive electrode so as to avoid contact between the negative elec- 
trode and the positive electrode and to hold a predetermined distance between said negative electrode and said 
positive electrode, and thereafter forming an ion conductive member which has either of a layered structure and a 
columnar structure, between said negative electrode and said positive electrode. 

53. A process for producing a secondary battery as defined in Claim 50, wherein the ion conductive member having 
either of the layer structure and the columnar structure is formed on a surface of at least either of the negative elec- 
trode and the positive electrode. 

54. A process for producing a secondary battery as defined in Claim 51 , wherein a polymer layer having either of the 
layer structure and the columnar structure is formed on a surface of at least either of the negative electrode and the 
positive electrode. 

55. A process tor producing a secondary battery as defined in Claim 52, wherein the spacer is made of either of non- 
woven fabric and beads selected from the group consisting of resin beads, glass beads and ceramic beads. 
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